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FOREWORD 

This document i s  submitted i n  accordance with Contract NAS 

8-11415. The report is i n  three volumes as follows: 

Volume I - Study Program Description and Results 

for Saturn F l  and 52 

Volume I1 - .  Computer Program Description, Instructions 
\ 

and Listing. 

Volume I11 - Derivation of Equations 
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I . INTRODUCTION 

This repor t  is the  f i n a l  t echnica l  summary report f o r  cont rac t  

NAS\ 8-11415, 

w a s  t o  conduct s tud ie s  f o r  the optimization of hydraulic t h rus t  vector 

cont ro l  systems f o r  launch vehicles  based upon r e l i a b i l i t y ,  performance 

and weight. 

engines. 

adjusted f o r  optimization were the system pressure and the engine- 

actuator  moment a r m ,  

The object ive of the  work performed under this cont rac t  

The systems considered were f o r  t h e  Saturn Fl and J2 

The two parameters of t h e  hydraulic system which could be 

!be general  approach used f o r  t h i s  study w a s  t o  der ive math- 

ematical model equations which repreeented the  system weight, r e l i -  

a b i l i t y ,  e tc .  solve these equations ( i j i n g  a d i g i t a l  computer) fo r  

various combinations of moment a r m  and pressure,  prepare graphs of 

the r e s u l t s ,  and then from the graphs determine which combination 

of the two system var iab les  resu l ted  i n  the  bes t  o r  optimal system. 

The s e l e c t i o n  of t he  optimum point  required converting a l l  character-  

i s t i c s  t o  some common denominator. This was accomplished by converting 

each c h a r a c t e r i s t i c  t o  a representat ive cos t  o r  do l l a r  value t o  the  

program. The r e s u l t i n g  cos t  f ac to r  included the cos t  of weight, 

f a i l u r e s ,  e tc .  

Using the above approach, t he  ana lys i s  and r e su l t i ng  equations 

were r e l a t i v e l y  complex and required so lu t ion  f o r  each da ta  point on 

the  graphs, 

study could bes t  be presented by formulating a computer program of 

the model equations. 

It was therefore decided tha t  the  object ives  of t h i s  
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During the compiling of the  computer program, the program w a s  

maintained as f l ex ib l e  as possible,  allowing f o r  var ia t ions  i n  para- 

meters other  than pressure and moment a r m .  The r e su l t i ng  computer 

program developed can be used f o r  optimization s tudies  of any con- 

ventional launch vehicle  u t i l i z i n g  hydraulic operated thrust vector 

cont ro l  systems. 

s tud ie s  of such a l t e rna t ives  as e l e c t r i c a l  versus mechanical feedback, 

using a new design versus  using a system which has been previously 

designed and proven, wobble p la te  pumps versus f ixed angle pumps and 

many others.  Although such a computer program was not required by 

the contract ,  it is being submitted t o  NASA as par t  of the  r e s u l t s  

from t h i s  study program. 

The computer program a l s o  permits comparative 

The primary object ive of t h i s  r epor t  is t o  present a descr ip t ion  

of the study including the approach and methods used, the r e d o n a  f o r  

the approach, and the  conclusion and recommendations r e su l t i ng  from 

this study. 

repor t  is divided i n t o  three volumes. 

In order t o  faci l i ta te  usage of the  program resulte, t h i s  

Volume I descr ibes  the  general  approach used, the  various system 

parameters considered and spec i f i c  r e s u l t s  f o r  both the  Saturn 5-2 

(S-I1 and S-IV-B stages) and F-1 (S1C Stage) engines. This volume 

only is required f o r  determining the optimum operating points  f o r  

these spec i f i c  Saturn systems. 

r e s u l t s  required f o r  th i s  contract .  

Volume I contains  a l l  the basic  

Volume I1 descr ibes  the general  computer program t h a t  was 

developed f o r  studying optimization, i n s t ruc t ions  f o r  use and a 
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l i s t ing  of each computer program deck. This volume only is required 

for use of the computer program for studying optimization of any 

standard hydraulic thrust vector control systems. 

, 

Volume I11 lists the derivation of the equations used in the 

computer program and is required only for verification of the computer 

program or  making changes to  the computer program. 
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11. COMPUTER PROGRAM DISCUSSION 

A. General Program Discussion 

The computer program has been designed around an I.B.M. 1620, 

Mark I1 computer. "he base machine's c a p a b i l i t i e s  are augmented by 

adding an addi t iona l  for ty  thousand core s torage un i t  and an I.B.M. 

1311 Disk Storage Drive. This combined uni t  then u t i l i z e s  the 

Monitor I Programming System which coordinates computer a c t i v i t y  by 

providing a communication region f o r  independent programming systems, 

and by t r ans fe r r ing  cont ro l  between them. The Monitor I System used 

u t i l i z e s  the  l a rge  s torage capacity of t he  1311 Disk Storage Drive. 

Thus i t  i s . p o s s i b l e  t o  assembly, assembly and execute, compile, 

compile and execute, and execute programs s tored  i n  d isk  storage.  

By using t h i s  system, the O - r i n g  subrout&amprograms can be s tored  

i n  d isk  s torage without the necessity of assigning ac tua l  s torage 

areas. 

used w a s  OSWE f o r  t h e  ttOft r ing weight subroutine,  and OSFR f o r  the 

These subroutines a r e  e a s i l y  re fer red  t o  by code. The code 

ttOf' r i n g  r e l i a b i l i t y  subroutine. 

"he Monitor I system is  comprised of four separate  pa r t s ;  

1) Supervisor Program, 2) Disk u t i l i t y  program, 3) Fortran I I - D ,  

and 4) SPS I I - D .  

used and they are described below. 

Only the first three portions of t h e  system are 

1. Supervisor Program 

The Supervisor Program performs the control  funct ions 

and input/output functions f o r  t h e  system. The Fortran I I - D  

compiler, i n  and under the cont ro l  of the  Supervisor Program, 
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e 
w i l l  change the  i n i t i a l  program i n t o  machine language. 

program takes the  form of two cards a t  the start of uk12 component 

programs, The first card is a VOB" card which lists the name 

of the component program (Actuator, t r u s s ,  pump, etc.). 

second Supervisor Program card w i l l  be "FORX" which causes 

the computer t o  change the component program from Fortran 

language i n t o  useable machine language and work the program t o  

obtain the desired resu l t s .  

This 

The 

2. Msk U t i l i t y  ProRram 

This program has only one function i n  t h i s  study which is 

t o  s t o r e  the weight and r e l i a b i l i t y  "0" r i n g  subroutines on 

permanent disk storage.  Only one card w i l l  be needed which 

w i l l  be "*LDISK" and is  the f i r s t  card f o r  each rrO'' r ing  sub- 

routines.  
2 

This w i l l  place the subroutines i n t o  permanent 

storage. 

3. Fortran I I - D  Program 

This program is the main body of the  individual  component 

programs which takes the form of Arithmetic statements. These 

programs specify the mathematical ca lcu la t ions  t o  be performed 

and includes the control  statements which govern the sequence 

of operation and the  Input/Output statements. 

etatemeats read data in to  the  program and p r in t  or  punch the 

f inished program results. 

The input/output 

' . *. 
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B. Discussion of Individual  Component Programs 

Each of t h e  component decks a re  wr i t ten  i n  Fortran 11-D 

language. In each of the programs, only pert inent  dimensions and 

information is calculated independently with the rest  being combined 

i n t o  la rge  equations. 

computer memory space. 

computer un i t  s torage capacity and therefore  were s p l i t  i n t o  sec t ions  

with the required information ca r r i ed  on cards between sections.  The 

actuator  program was s p l i t  i n to  four separa te  decks, and the f ixed 

angle pump s p l i t  i n t o  two separate parts.  

w i l l  be ava i lab le  from these two programs u n t i l  the last port ion of  

the programs are  performed. 

This approach is used i n  order t o  conserve 

Two of t he  component programs exceeded the 

No output information 

The study has been designed t o  run the  programs i n  a set 

sequence with all required inputs  (moment arm, pump speeds, tubing 

lengths ,  etc.) inser ted ,  i n  d a t a  form, i n t o  the first deck of the 

actuator  program. From t h i s  point on, the  operation w i l l  be auto- 

matic with the operator only having t o  insert  t he  next program i n t o  

the computer and placing the  punched output data from the  previous 

program as input  data t o  the deck. 

i n  Sect ion E, General Ins t ruc t ions  f o r  Running the  Program. 

This w i l l  be fu r the r  explained 

The 

individual  program decks are not designed t o  be used independently 

unless s l i g h t  changes a r e  made t o  them. An individual  who des i r e s  

t o  inves t iga te  a pa r t i cu la r  component would f i r s t  have t o  acquaint 

himself with the  fundamental equations (Volume 111) , basic  component 

programs (end of Volume 111, and Fortran 11-D terminology. 
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The complete program must be performed i n  the following sequence. 

F i r s t ,  the  "0" ring weight and r e l i a b i l i t y  subroutines must be placed 

on permanent disk storage. 

punched on cards and run w i t h  the  f i r s t  deck of the actuator- t russ  

program. 

1 )  Second actuator-truss deck, 2) Third actuator- t russ  deck, 3) Fourth 

actuator- t russ  deck, 4)  Tubing deck, 

6) Second fixed angle pump deck, 

8' Hydraulic i n t e n s i f i e r  deck, 9) F i l t e r  deck, 10) Reservoir- 

accumulator deck, ll) Complete vehicle conversion deck, For each deck, 

the input da ta  w i l l  be the  punched data  card output from the previous 

deck. 

Then the  i n i t i a l  required inputs  must be 

The rest  of t he  program is then run i n  the following sequence: 

5 )  F i r s t  f ixed angle pump deck, 

7) In l ine  wobble p l a t e  pump deck, 

C. Initial Data Input 

The i n i t i a l  system parameters (moment arm, system preasure, 

pump 6peed8, type of actuator feedback t o  be used, etc.) w i l l  be 

punched i n t o  th i r t een  separate I.B.M. cards and used 88 input data  

t o  the  f i r s t  deck of the actuator-truss program. Each of the th i r t een  

da ta  card6 w i l l  lGav2 up t o  seven separate  parameters punched onto i t  

i n  the Fortran 11-D floating-point constant form. Each of the seven 

separate  parameters must be located within a ten  space area on the 

I.B.M. card, g i v i d a  t o t a l  used a rea  of seventy spaces out of eighty 

avai lable  spaces per card. 

the ten  space a rea  and w i l l  be i n  the form of ac tua l  numbers with 

decimal points  (319., 4.57, .OO&3, otic.): The t h i r t een  cards and 

t h e i r  individual  parameters are l i s t e d  i n  Table I shown below i n  the  

A parameter may be located anywhere within 

order i n  which they must appear. The parameters &e given i n  code 
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and t h i s  code 

as shown. 

Data Card #1 

TORQ 

VEIS 

TRAA 

AKVEL 

EINT 

ANDMB 

A W R  

Data Card #2 

PREI 

DPRE 

PRpl 

is explained below. The parameters m u s t  be i n  the  u n i t s  

required m a x i m u m  torque ( s t a l l )  t o  engine 

(inch-pounds 

required maximum angular ve loc i ty  (based 

on loaded ac tua tor  ve loc i ty)  (Radians/Second) 

required t o t a l  operating angular t r a v e l  

(Radians) (does not include snubbing) 

required open loop gain of ac tua tor  (l/Second) 

engine i n e r t i a  ( inch-pound-second 

number of  actuator  per main pump 

r a t i o  of actual valve flow rate t o  required 

valve flow r a t e  (loaded ac tua tor )  Note: This 

parameter is included f o r  the  case where a 

miniture servovalve could be used but a l a rge r  

valve along with a flow l imi t e r  is ac tua l ly  

employed. 

2 

lowest system pressure t o  be invest igated 

( pounds/inch 2 

pressure increment t o  be used during program 

run (pounds/inch ) 2 

maximum system pressure t o  be invest igated 
- 

( pounds/inchc 
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AMOM 

INOM 

AMAX 

VPBON 

Data Card #3 

AAAA2 

Data Card #4 

AAAA8 

shor tes t  moment arm t o  be invest igated (inches) 

moment arm increment t o  be used during program 

run (inches) 

longest moment a r m  t o  be invest igated (inches) 

vehicle reference number (guide number f o r  system 

being investigated) Note: Any number may be used 

here for  fu ture  reference t o  computer run. 

Is actuator  pressure feedback o r  der iva t ive  

pressure feedback valve used? 

e e t  AAAA1) = 1.0, i f  no, s e t  t o  0.0) 

Is actuator  mechanical feedback used? 

is yes, s e t  MA2 

( I f  answer is yes, 

( I f  anawer 

= 1.0, i f  no, set  t o  0.0) 

. Is ac tua tor  rod end housing used f o r  bearing 

surface? 

t o  0.0) 

( I f  yes,  set  AAAA3 = 1.0, i f  no, set  

Is actuator  der iva t ive  pressure feedback wed? 

( I f  yes, s e t  AAAA4 = 1.0, i f  no, set  t o  0.0) 

Is actuator  mecha&al feedback used? 

s e t  AAAAS = 1.0, i f  no, set  t o  0.0) 

Is actuator  s t a t i c  load e r ro r  waAhout used? 

( I f  yes, set M A 6  = 1.0, i f  no, s e t . t o  0.0) 

( I f  yes, 

Is actuator  flow limiter used? 

A A A A ~  = 1.0, i f  no, se t  t o  0.0) 

( I f  yes, s e t  

- Are actuator  snubbers used? ( I f  yes, s e t  

M A 8  = 1.0, i f  no set  t o  0.0) 
II " 

4 
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AAAlO 

AIPAl 

I 
i 
I 

, 
AIPA2 

AIPA3 

AXPA4 

Data Card #5 

XWDC 

XNDD 

XMDB 

XMDA 

XMDE 

XXXXl 

AKENG 

Is the  ac tua tor  a new design? 

AAAA9 = 1.0, i f  no, s e t  t o  0.0) 

Does t h e  ac tua tor  require  qua l i f ica t ion?  

yes, s e t  AAAlO = 1.0, i f  no, se t  t o  0.0) 

Iei the ac tua tor  d i r e c t  current  pos i t ion  in s t ru -  

mentation used? 

no, set  t o  0.0) 

Is actuator  d i r e c t  current  feedback used? ( I f  

yes, s e t  AIPA2 = 1.0, if no, B e t  t o  0.0) 

Are actuator pos i t ion  switches used? 

set  AIPA3 = 1.0, i f  no, se t  t o  0.0) 

Is potentiometer body required? 

AIPA4 = 1.0, i f  no, s e t  t o  0.0) 

( I f  yes, se t  

( I f  

( I f  yes, set AIPAl = 1.0, if 

( I f  yes, 

( I f  yes, se t  

t r u s s  dimension (inches) See Figure 1 

t r u s s  dimension (inches) See Figure 1 

truss dimension (inches) See Figure 1 

t r u s s  dimension (inches) See Figure 1 

truss dimension (inches) See Figure 1 

Is t rus s  a new design? 

= 1.0, i f  no, s e t  t o  0.0) 

Fixed spr ing r a t e  of engine be l l .  

( pounds/inch) 

( I f  yes, Set XXXXl 
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Data Card t6 

s1 

s2 

s3 

s4 

tube length from airborne pump t o  manifold 

(inches 

tube length from ground checkout pump t o  

manifold (inches) 

tube length from manifold t o  bottom of t r u s s  

(inches) 

tube leilgth from t r u s s  c l e v i s  t o  actuator  

(inches) 

is tubing a new design? 

1.0, i f  no, s e t  t o  0.0) 

r a t i o  of the required pump flow (for e i t h e r  

wobble p l a t e  pump o r  i n t e n s i f i e r )  t o  system 

flow r a t e  (unloaded actuators)  

( I f  yes, set  xxxlt2 = 

The seventh parameter of data  card #6 is l e f t  blank. 

Data Card #7 

PPPPl 

ANGLl 

ANGL2 

PITMsl 

PuMs2 

s5 

S6 

r a t i o  of t h e  m a x i m u m  required pump flow rate 

( f o r  fixed angle pump) t o  m a x i m u m  system flow 

rate (unloaded actuators  

angle of f ixed angle pump (radians)  

angle of wobble p la t e  pump (radians)  

f ixed angle pump speed (revolutions per second) 

wobble p l a t e  pump speed (revolutions per second) 

Is compensator used i n  fixed angle pump? 

yes, s e t  S5 = 1.0, i f  no, se t  t o  0.0) 

Is compensator used i n  wobble p l a t e  pump? 

yes, s e t  S6 = 1.0, i f  no set  to  0.0) 

(If  

( I f  
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Data Card #8 

s7 - 
S8 - 
s9 - 
PPpP2 - 

PFTP3 

PpPP4 - 

PPPP5 - 

Data Card H 
P P P P ~  - 

P P P P ~  - 

number of f ixed angle pumps per hydraulic system 

number of wobble p la te  pumps per hydraulic system 

number of i n t e n s i f i e r s  per hydraulic system 

Is fixed angle pump a new design? 

P P P P ~  = LO, i f  no, se t  t o  0.0) 

Does fixed angle pump require  qua l i f ica t ion?  

yes, s e t  P P P P ~  = 1.0, ' i f  no, se t  t o  0.0) 

Is wobble p l a t e  pump a new design? 

s e t  P P P P ~  = LO, i f  no, s e t  t o  0.0) 

Does wobble p la te  pump require qua l i f ica t ion?  

( I f  yes, set  P P P P ~  = LO, i f  no, se t  t o  0.0) 

(If yes, s e t  

( I f  

( I f  yes, 

Is i n t e n s i f i e r  a new design? 

1.0, i f  no, s e t  t o  0.0) 

Does i n t e n s i f i e r  require  qua l i f ica t ion?  

s e t  P P P P ~  = LO, i f  no, s e t  t o  0.0) 

number of f i l t e r s  per hydraulic system 

r a t i o  of required f i l t e r  flow t o  the m a x i m u m  

actuator flow (unloaded actuatore)  

Is f i l t e r  a new design? 

i f  no, s e t  t o  0.0) 

Does f i l t e r  require  qua l i f ica t ion?  

F F F F ~  = 1.0, i f  no set  t o  0.0) 

Which airborne pump used f o r  ground checkout? 

(No airborne pump used s e t  pPPP8 =: 0.0, fixed 

angle pump used set  pPPP8 = 1.0, wobble p la te  

pump used s e t  PPPP8 = 2.0) 

( I f  yes, se t  PPPP6 = 

( I f  yes, 

( I f  yes, se t  FFFF3 = 1.0, 

(If yes, set  
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Data Card #10 

sss2 - r a t i o  of r e tu rn  pressure t o  system pressure if 

return pressure i s  a function of system pressure. 

re turn  pressure as a f ixed ac tua l  value i f  tho 

re turn  pressure is t o  be held constant (pounds/ 

inch 

sssg - 

2 

sss 1 - Is accumulator used? ( I f  yes,  s e t  SSSl = 1.0, 

i f  no, s e t  t o  0.0) 

R S P A l  - Is d i r ec t  current  pos i t ion  instrumentation used 

( I f  yes, s e t  RSPAl = 1.0, i f  i n  the reservoir?  

no, s e t  t o  0.0) 

RSPAZ - Is posi t ion switch used i n  reservoir?  ( I f  yes,  

s e t  =PA2 = 1.0, i f  no, s e t  t o  0.0) 

RSPA3 - Is potentiometer body i n t e g r a l  pa r t  of t he  

reservoir?  ( I f  yes, s e t  RSPA3 = 1.0, i f  no, 

s e t  t o  0.0) 

TOILW - Hydraulic f l u i d  densi ty  used i n  system. (pounds 

per cubic inch) 

Data Card #ll 

mRl - r a t i o  of t o t a l  volume of f l u i d  supplied by the  

accumulator t o  the t o t a l  volume of f l u i d  consumed 

by a l l  ac tua tors  when t rave l ing  f u l l  s t roke.  

RRRR3 - Is reservoir  and/or accumulator a new design? 

( I f  yes, s e t  RRRR3 = 1.0, i f  no, s e t  t o  0.0) 



RRRR4 

QQW 

QQQQ2 

QQW 

WAFQ 

Data Card $12 

VHSFO 

VFLRC 

- Does reservoir  and/or accumulator require  

qual i f icat ion? ( i f  yes,  se t  RRRB4 = 1.0, 

i f  no, se t  t o  0.0) 

- Is quick disconnect a new design? ( I f  yes, 

s e t  QQQQl = 1.0, i f  no, s e t  t o  0.0) 

Does quick disconnect require  qua l i f ica t ion?  

(If yes, s e t  QQQQ2 = 1.0, i f  no, se t  t o  0.0) 

r a t i o  of quick disconnect ra ted  flow t o  the 

m a x i m u m  system flow rate' (unloaded actuators)  

required actuator  system na tura l  frequency 

with a l l  spr ings included (radians/second) 

- 

- 

- 

- t o t a l  system operating time during fl ight 

( hour61 

- Cost of generic f a i l u r e  during f l i gh t .  For 

the cost  of f a i l u r e s ,  the  generic f a i l u r e  r a t e  

f o r  the hydraulic system is f i r s t  multiplied 

by t h e  number of f l i g h t  systems t o  be used i n  

the launch vehicle program and then by the 

t o t a l  f l i g h t  time f o r  one system. 

a result which is the  t o t a l  number of f l i g h t  

generic f a i l u r e s  f o r  the hydraulic system that  

can be expected during the  complete program. 

In order t o  convert t h i s  value t o  a do l l a r  value 

f o r  the program, i t  must be multiplied by the  

appl icat ion fac tor  Ka (generally equal t o  1.01, 

and the operating mode f ac to r  Kom (generally 

This y ie lds  

-c 



I 

between 800 and 2000 depending on the environment 

and s tage) ,  t o  a r r i v e  a t  the  f a i l u r e s  per program 

and f i n a l l y  by the cos t  of a single f a i l u r e  i’p 

the hydraulic system during f l i gh t .  Since the  

cos t  of a failure, Ka and K can vary between 

vehicles,  these three  f a c t o r s  have been combined 

i n t o  a single term (VFLFG) which is the cos t  i n  

do l l a r s  of a generic f l i g h t  f a i lu re .  

OP 

VPNUB - t o t a l  number of launch vehicles  within the program 

VHYSB - t o t a l  number of independent hydraulic systems t o  

be used f o r  the pa r t i cu la r  s tage of t he  vehicle. 

the cost  of one pound of weight f o r  a pa r t i cu la r  

stage being investigated.  

VDNL - t o t a l  time allowed t o  develop the complete 

VWCST - 
(do l l a r s  per pound) 

hydraulic system. Equal t o  the t o t a l  time from 

contract  go-ahead u n t i l  a qua l i f ied  system is 

delivered. (weeks) 

WEND - do l l a r  penalty per week f o r  delays i n  develop- 

ment time f o r  the  complete system. 

per week) 

( d o l l a r s  

Data Card #13 

VREPR - average r a t i o  of component repa i r  cos t  t o  i n i t i a l  

component cost .  

V L I F P  - required l i f e  of a s ingle  pump. Includes t o t a l  

running time - ground checkout, f l i g h t ,  e tc .  

(hours 
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VLIFA - 

VCYCA - 

VOPER - 

VTEST - 

VTCST - 

required l i f e  of a single actuator  includes 

t o t a l  running kime - ground checkout, f l i g h t ,  

etc.  (hours) 

required l i f e  of a s ing le  actuator  i n  t o t a l  

number of cyc les  - ground checkout, f l i g h t ,  

e tc .  (cycles)  

required time f o r  average hydraulic t es t  on 

the  system under consideration. (hours) 

t o t a l  number of t e s t s  required f o r  a s ing le  

hydraulic system under invest igat ion.  

t o t a l  cost  of average test  performeb on a 

single hydraulic system under invest igat ion.  

(do i i a r s  per t es t )  

This completes the listing of the  required system da ta  para- 

meters t o  be punched i n t o  the t h i r t e e n  in i t ia l  da ta  cards. 

It is important t o  remember t h a t  each parameter number must have 

a decimal point ,  must f a l l  within the t en  space area assigned (includ- 

ing  decimal poin t ) ,  and must be punched i n t o  the th i r t een  da ta  cards  i n  

the  sequence l i s t e d  above. 

as follows: 

As an example, data  card #1 parameters may be 

TORQ I 540,000 

VELS = 0.0825 

TRAA = 0.18 

AKVEL = 18.0 

EINT = 372,000 

ANTMI3 = 2.0 

AVPR = 1.0 
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This parameter data would then appear on an I.B.M. data card 

aa shown i n  Figure I1 and would be used on Data Card #1 i n  the 

ini,tial data group. 
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2 
Card 
Space 

Number 1-10 

3 4 5 6 ? 

2 

Card 
Space 
11-20 

3 

Card Card 
Space Space 
2&-30 31-40 

4 

DMOM 

AAAA5 

AIPA2 

XMDE 5 

AMAX VPRON 

MAA6 AAAA? 

AIPA3 AIPA4 

XXXXl AKENG 

6 

AAAA2 

AAAAg 

XMDD 

s2 

PREI 

AAAA3 AAAA4 

AM10 A I P A l  

XMDB XMDA 

s3 s 4  s1 

ANGLl  

s8 

PPPp7 

SSS3 

-3 

VFLRC 

I I 

ANGL2 PUMSl 

S9 PPPP2 

FFFFl FFFF2 

SSSl SPA1 

-4 QQW 

VPNUB VHYSB 

L 

PPPP3 

FFFF3 

RSPA2 

VREPR 

PPPP4 PPPP5 

FFFF4 PPPP8 

SPA3 TOILW 

TABLE I 

INITIAL PARAME;TER DATA CARDS 

VLIF'P VLIFA VCYCA VOPER VTEST VTCST 

VEIS I TRAA I AKVEL I EINT I A"B I AVPR 

DPRE IPREM lA" 

xxxx2 I PPPPg 1 - 
P U M S ~  I s5 Is6  

W S T  I VDEVL (WEND 
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FIGURE I 

ENGIIVZ TiiUSS DIMENSION TWMINOLOGY 

I 
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The following tables list t he  computer "inputs" used for the 

Saturn Program study i n  Volume I. 
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5 6 0 7 0 0 0  
1 5 4 0 .  
1 .o 
0.0 
34 .0  
54.0 
0 .o 
0.0 
0.0 
0.0 
0 .o 

0 4 0  
.35 

5 6 0 7 0 0 0 .  
1 5 0 0 .  
1 .o 
0 .o 
34.0 
5 4  .0 
0.0 
0 .o 
1.0 
0 . 0 1 3 3 3  
0 .o 
.040 
.35 

5 6 0 7 0 0 0 .  
1 5 4 0  
1 .o 
0 .o 
34.0 
54.0 
0 .o 
0.0 
0 .o 
0.0 
0 .o 
e 0 4 0  
.35 

a 0 8 2 5  .18 
0 .o 0.0 
1.0 0.0 
0 .o 0 .o 
1 0 2 .  32  
3 0 .  8 4 .  
0.0 0 .o 
0 .o 0 .o 
0.0 1.0 
0 .o 0 .O 
0.0 0.0 
2 0 0 0 0 0 0 0 0 . 2 0  .o 
0.0 0.0 

0 8  25 . i a  

1.0 0 .n 
5 0 0 .  4 5 0 0  

1 .o 1.0 
1 0 2 .  3 2 .  
3 0 .  8 4 .  
0 .o .28 
0.0 1.0 
1 .o 1 .o 

1 .o 1.0 
2 0 0 0 0 0 0 0 0 . 2 0  .o 
2 5 0  .o 0 .O 

10 .0 0.0  

. o a ~  .18 
0 .o 0.0 
0 .o 0.0 
0 .o 0.0 
102. 32 
3 0 .  8 4 .  
0.0 0.0 
0 .o 0 .o 
0.0 1.0 
0 .o 0.0 
0.0 0.0 
2 0 0 0 0 0 0 0 0 . 2 0  .o 
0.0 0.0 

5 6 0 7 0 0 0 .  . o a z  
1 5 4 0 .  0.0 
1 .o 1.0 
0 .o 0.0 
34.0 102. 
5 4  .O 3 0  
0.0 0 .o 
0 .o 0.0 
0.0 0 .o 
0 .o 0.0 
0.0 0 .o 

.18 
0.0 
0 .o 
0'. 0 
3 2 .  
8 4 .  
0 .o 
0.0 
1.0 
0.0 
0.0 

18.0 372QOO. 
63.76 0.0 
1.0 1.0 
1 .o 0.0 
4 0 .  2 2 .  
3 6.  0.0 
0.0 0.0 
0 .0 0.0 
(3.2 0.0 
0 .O 0.Q 

4.0 60.0 
150000. . 2 5  

0 .O 0 .  n 

18.0 
4 0 .  
1 .o 
1 .o 
40.  
36 .  
0 ..o 
0.0 
0 .2  
1.0 
1 .o 
4.0 
150000.  

18.0 
63.76 
1.0 
0 .o 
4 0 .  
36.  
0.0 
0.0 
0.2 
0.0 
0.0 
4.0 
150000 

18.0 
6 3  7 6  
1.0 
0.0 
40 
36 
0.0 
0.@ 
0.2 
c1.0 
0.0 

3 7 2  0 0 0  
10. 
1.0 
0.0 
2 2 .  
1.0 
83.5 
0.0 
1.0 
1.0 
1 .0 
60.0  
.25 

3 7 2 0 0 0 .  
0.0 
0 .  n 
1.0 
2 2 .  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
60 .0  
.25 

2.0 
0 .o 
1 .o 
0 .o 
0 . 0  
0 .o 
0.0  
0 .o 
0.0 
0 .0 
1 .o 
52.0 
100. 

2 .G 
1 0 0 .  
1 .o 
0.0 
1.0 
1 .0 
0 .o 
0 . 0  
1.0 
1 .O 
1 .o 
52 e 0  
100. 

2.0 
0.0 
1.0 
0 .o 
0.0 
.4 
0.0 
0 .o 
Q.0 
0.0 
1.0 
5 2  .O 
100 .  

3 7 2 0 0 0 .  2.0 
0.0 0.0 
1.0 1 .o 
0.0 0.0 
2 2 .  0 .o 
0 .  n .4 
0.0 0 .o 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 1 .o 

1 .o 
1 .o 
0 .o 
1.0 
3 9 7 6 0 0 .  

0.0 
0 .o 
0.0 
0.0 
50.0 
12000. 
4 0 0 .  

1 .o 
4.0 
0.0 
1 .o 
3 9 7 6 0 0 .  

0 .o 
0 .0 
0.0 
.03 14 
50.0 
1 2 0 0 0 .  
4 0 0 .  

1 .o 
7 . 0  E 
0 .o 
1 .o 
3 9 7 6 0 0  

0.0 
0 .o 
0 .o 
0 .o 
5 0  - 0  
1 2 0 0 0 .  
4 0 0  

1.0 
7 . 0 h  
0 .o 
0 .O 
3 9 7 6 0 0  

0 .o 
0.0 
0.0 
0 .o 
50.0 

TABLE IT 
PROGRAN INPUTS FOR SATURN S-IC 
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.040 200000000.20  .o 

.35 0 r O  0 .o 

5 6 0 7 0 0 0 .  
1 5 4 0 .  
1 .o 
0.0 
34.0 
5 4  .O 
0.0 
0 .o 
0.0 
0.0 
0.0 

040  
.35 

- 0 8  25 18 
0.0 0.0 
1 .o 0.0 
0.0 0 .o 
102. 3 2 .  
30 8 4 .  
0 .o 0 .O 
0.0 0.0 
0 .O 1.0 
0.0 0.0 
0 .o 0 .o 
200000000.20  .o 
0 .o 0 .o 

4.0 60 .0  52 .O 
1 5 0 0 0 0 .  . 2 5  100. 

18.0 
63.76 
1 .o 
1.0 
40.  
36 
0 .o 
cl .O 
0 .2  
0.0 
0 .o 
4 . 0 
150000. 

3 7 2 0 0 0 .  2.0 
0.0 0.0 
1.0 1.0 
0.0 0.0 
22.  0 .o 
0.0 .4 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 1 .o 
60.0 5 2  e 0  
.25  1 0 0 .  

1 2 0 0 0 .  
4 0 0  

1.0 
10. 
1.0 
0 .o 
3 9 7 6 0 0 .  

0 .o 
0.0 
0.0 
0 .o 
5 0 . 0  
1 2 0 0 0 .  
4 0 0  



5 4 0 0 0 0 .  
3 5 0 0 .  
1 .o 
0.0 
6.31 
4 2  .O 
- 1  
1 .o 
0.0 
0 . 0 1 3 3 3  
1 * o  
.045 
935 

5 4 0 0 0 0 .  
1500.0  

1.0 
0.0 
6.31 
4 2  .O 
- 1  
1 .o 
0.0 
0 . 0 1 3 3 3  
1.0 
.045 
935 

5 4 0 0 0 0 .  
3 5 0 0 .  
1 .o 
0 .o 
6.31 
4 2  .0 
.1 
1 .o 
0.0 
0 . 0 1 3 3 3  
1.0 
.045 
.35 

5 4 0 0 0 0 .  
3 5 0 0 .  
1 .o 
0.0 
6.31 
4 2  .0 

.168 .2545 
0.0 0 .0 
1 .o 0 .o 
0 .o 0 .o 
27 a 8  5.81 
24  .O 7 2 . 0  

2 6 2  2 6 2  
1 .o 0 .o 
0 .o 1 .o 
10 .o 1 .0 
0 .o 0 .O 
2 0 0 0 0 0 0 0 0 . 2 0 . 0  
250.0 0 .@ 

1 6 8  .2545 
5 0 0  .O r+500 .o 
1 .o 0 .O 
1.0 1.0 
27.8 5.a1 
2 4  .o 7 2 . 0  

2 6 2  .262 
1.0 0.0 
0 .o 1 .0 
10 .o 1 .0 
1 .o 1 .0 
Z O O O O O O O O .  29 .O 
250.0 0 e 9  

. I 6 8  .2545 
0.0 0.0 
0 .o 0 .o 
0.0 0 .0 
27.8 5 . 8 1  
2 4  e 0  7 2 . C  

2 6 2  2 6 2  
1 .o 0.0 
0 .o 1.0 
10 .o 1 .o 
c .o 0 .O 
2 0 0 0 0 0 0 0 0 . 2 0  .o 
250.0 0 .o 

168  . 2 5 4 5  
0.0 0.0 
1 .o 0 .O 
0.0 0 .0 
27.8 5.81 
24 - 0  7 2 . 0  

18.0 
11.62 
1 .0 
1.0 
l b .  14 
36.0 
743.0 
0.0 
0.2 
1.0 
0 .0 
4.0 
1 5 O O r ) O .  

19.0 
10 .0 
1 .0 
1.0 
1tj. 1 4  
36.0 
7 4 3 . 0  
1.0 
0 . 2 
1 .o 
1 .0 
4.0 
15OO00. 

18.0 
11.62 
1 .0 
0.0 
1 8 . 1 4  
36 .O 
243.0 

q.2 
1.0 

4.0 
1 5 0 0 0 0 .  

0.0 

n .o 

18.0 
11.62 

0.0 
18 .14  
36.0 

1.0 

1 7 6 5 0 .  
0.0 
1.0 
0.0 
4.5 
0.0 
117 .0  
0 .  I\ 
0.0 
1.0 
0.C 
l l Q . 0  
.25 

1 7 6 5 0 .  
1.9 
1.0 
0.0 
4.5 
1.0 
117.0 
1.0 
1.0 
1.9 
1.n 
110.0 
.25 

1 7 6 5 0 .  

0.0 
1.0 
4.5 
0.0 
117.0 
0.0 
0.0 
1.0 
0.0 
110.0 
.25 

0.0 

1 7 6 5 0 .  
0.0 
1.0 
0.0 
4.5 
0.0 

2 .o 
0.0 
0 .o 
0.0 
0 .o 
.4 
1 .o 
0.0 
0.0 
1 .o 
1.0 
52 .O 
100. 

2 -0 
14.0 
0 .O 
0.0 
1.0 
.4 
1.0 
1 .o 
1.0 
1 .o 
1.0 
52  .O 
100.  

2.0 
0 .0  
0 .o 
0.0 
0 .o 
.4 
1 .D 
0.0 
0.0 
1 .0 
1.0 
52  .o 
100. 

2 .0 
0.0 
0 .o 
0.0 
0 .0 
.4 

1 .o 
2.0 
0 .o 
1 .o 
2 2 0 6 0 0 .  

1 .o 
0.0 
1 .o 
.03 1 4  
37 - 0  
12000. 
4 0 0  

1 .o 
5 .o 
0 .o 
1 .o 
2 2 0 6 0 0 .  

1.0 
1 .o 
1 .o 
e 0 3  14 
37.0 
1 2 0 0 0 .  
4 0 0  

1.0 
8 .O,E 
0 .o 
1 .o 
2 2 0 6 0 0 .  

1.0 
0.0 
1 .o 
e03  14 
37  e 0  
1 2 0 0 0 .  
4 0 0  

1 .o 
8.0 
0 .o 
0 .o 
2 2 0 6 0 0  

TABLE 111 

PRGGRUi INPUTS FOR SATURN S-I1 
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- 1  262 .262 
1 .o 1.0 0 .0 
0.0 0 .o 1.0 
0 .01333 10.0 1.0 
1.0 0 .o 0.0 
.045 2 0 0 0 0 0 0 0 @ .  20 .o 
.35 250.0 0 .o 

5 4 0 0 0 0 .  
3 5 0 0 .  
1 .o 
0.0 
6 . 3 1  
42 .O 
.1 
1 .o 
0.0 
0 . 0 1 3 3 3  
1.0 
- 0 4 5  
.35 

168  2545 
0.0 0.0 
1 .o 0.0 
0.0 0.0 
27.8 5.81 
24 .O 7 2 . 0  
.262  .262 
1.0 0.0 
0 .o 1.0 
10 .o 1.0 
0 .o 0 .0 
200000000.20  .o 
250.0 0 .o 

243.0 1 1 7 . 0  
0 .0 0.0 
0 .2  0.0 
1.0 1.0 
n .o 0.0 
4.0 1 1 0 . 0  
150000. .25 

18.0 
11.62 
1 .0 
1.0 
18.14 
36.0 
243.0 
0.0 
0.2 
1.0 

4.0 
0.0 

150000.  

17650. 
0.0 

0.0 
4.5 
0.0 
117.0 
0.0 
0.0 
1.0 
0.0 
110.0  
.25 

1.0 

1 .o 
0.0 
0 - 0  
1 .o 
1.0 
52 .o 
100. 

2 .o 
0 .0  
0.0 
0 .0  
0.0 
.4 
1 .o 
0 .0  
0 .o 
1 .o 
1 .o 
52.0 
100. 

1 .o 
0 .o 
1.0 
.03 14 
37 - 0  
12000. 
4 0 0  

1.0 
11.0 
1.0 
0 .o 
2 2 0 6 0 0  

1-0 
0.0 
1.0 
.03 1 4  
37 -0  
12000. 
4 0 0  

TABLE 111 (COKTINUED) 
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500000. 
3650. 
1 .o 
0.0 
6.31 
42 e 0  
0 1  
1 .o 
0.0 
0.01333 
1.0 
.loo 
.35 

500000. 
1500.0 
1.0 
0.0 
6-31 
42 .O 
- 1  
1 .o 
0.0 
0.01333 
1 .o 
.loo 
e 3 5  

500000. 
3 650 . 
1 .o 
0.0 
6.31 
42 e 0  
.1 
1 .o 
0.0 
0.01333 
1.0 
,100 
e 3 5  

.1395 .2445 
0.0 0.0 
1 .o 0.0 
0.0 0.0 
27.8 5.81 
24 a 0  72.0 
262 .262 

1.0 0.0 
0 .o 1.0 
10.0 1.0 
0 .o 0.0 
200000000.20 .o 
250 e 0  0.0 

1395 .2445 
500.0 4500.0 
1 .o 0 .o 
1.0 1.0 
27.8 5.81 
24 - 0  72.0 

1.0 0 .o 
0 .o 1.0 
10 .o 1.0 
1 .o 1.0 
200000000.20 .o 
250..0 0 .o 

262 .262 

1395 .2445 
0.0 0.0 
0 .o 0 .o 
0.0 0 .o 
27.8 5-81 
24 -0  72.0 
.262 262 
1.0 0.0 
0 .o 1 .o 
10 .o 1.0 
0 .o 0 .c 
200000000.20 .o 
250.0 0 .o 

18.0 17400. 2 .o 
11.87 0.0 0.0 
1 .o 1.0 0 .o 
1.0 0.0 0.0 
18.14 4.5 0.0 
36.0 0.0 .4 
243.0 117.0 1.0 
0.0 0.0 0.0 
0.2 0.0 0.0 
1.0 1.0 1 .o 
0.c  0.0 1.0 
1.0 320. 52 .O 
150003. .25 100. 

18.0 
10 .o 
1.0 
1.0 
10.14 
36.0 
243.0 
1.0 
0.2 
1.0 
1.0 
1.0 
1500OO. 

18.0 
11.87 
1.0 
0.0 
19.14 
36.0 
243.0 
0.0 
0.2 
1.0 
0.0 
1.0 
150000. 

17400- 
1.0 
1.0 
0.0 
4.5 
1 .P  
117.0 
1.0 
1.9 
1.0 
1.0 
320 
.25 

2.0 
14.0 
0 .o 
0.0 
1 .o 
.4 
1.0 
1.0 
1.0 
1 .o 
1.3 
52 .o 
100. 

17400 2.0 
0.0 0.0 
0.0 0.0 
1.0 0.0 
4.5 0 .o 
0.0 .4 
117.0 1 .o 
0.0 0.0 
0.0 0.0 
1.n 1.0 
0.0 1 .o 
320 52 .o 
.25 100. 

~ 0 0 0 0 0 .  .1395 2445 18.0 17400. 2 .o 
3650. 0.0 0.0 11.87 0.0 0.0 
1 .o 1 .o 0 .o 1.0 1.0 0.0 
0.0 0.0 0 .o 0.0 0.0 0.0 
6.31 27 e8 5.81 18.14 4.5 0.0 
42 .O 24 e 0  72.0 36-0 0.0 .4 

TABU IV 

PROGRAM ISPUTS FOR SATURN S-IVE 

1 .o 
3 e 0  
0 .o 
1 .o 
222700. 

1 .o 
0 .o 
1 .o 
e03 14 
37 -0 
12000. 
400 

1.0 
6 .O 
0 .o 
1 .o 
222700. 

1.0 
1 .o 
1.0 
e03 14 
37 - 0  
12000. 
400 

1.0 
9.0 h .  
0 .o 
1 .o 
222700. 

1.0 
0.0 
1 .o 
.03 14 
37 .c 
12ooc. 
400 

1 .o 
9.0 ki 
0 .o 
0 .o 
222700. 
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0 1  262 - 2 6 2  
1 .o 1 .o 0.0 
0.0 0 .o 1.0 
0.01333 10.0 1.0 
1 .c) 0 .o 0 .0 
. l o o  2 0 0 0 0 0 0 0 0 . 2 0  .o 
.35 2 5 0  .o 0 .O 

5 @ O O O O .  
365G.  
1 .o 
0.0 
6.31 
42 .O 
.1 
1 .0 
0 .o 
0 . 0 1 3 3 3  
1 .o 
. l o @  
. 3 5  

. 1 3 9 5  .2445 
0 .0 0 .0 
1 .o 0 .o 
0.0 0.0 
27 - 8  5.81 
2 4  e 0  72.0 
.262 262 
1.0 0.0 
0 .o 1 .o 
10 .o 1.0 
0 .o 0.0 
2 0 0 0 0 0 0 0 0 . 2 0  .o 
250.0  0 .@ 

243.0 117.0 1 *o 
0 .o 0.0 0.0 
n.2 0.0 0.0 
1.0 1.0 1 .0 
0 .Q 0.0 1 .0 
1 .0 320. 5 2  .o 
1 5 0 0 0 0 .  .25 100. 

18.0 
11.87 
1 .o 
1.0 
18.14  
36.0 
243.0 
0 .o 
0.2 
1.0 
0 .o 
1.0 
150000. 

1 7 4 0 0 .  2 .0 
0.0 0.0 
1.0 0.0 
O.? 0 .0  
4.5 0.0 
0 .  r) .4 
117.0  1 .0 
0.0 0.0 
0.0 0 .0 
1.0 1 .Q 
0.5 1 .o 
3 2 0 .  52 e 0  
.25 100. 

1 .o 
0 .o 
1 .o 
-03 1 4  
3 7  -0 
1 2 0 0 0 .  
400 .  

1 .o 
12.0 
1 .o 
0 .o 
2 2 2 7 0 0  

1 .o 
0 .o 
1.0 
e03 1 4  
37 .0 
1 2 0 0 0 .  
4 0 0  

TABLE IV (COICTINUED) 
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D. Program Output and Results 

The operator of the complete program w i l l  have an option of 

e i the r  receiving f i n a l  r e su l t s  of t he  program only or receiving 

f i n a l  r e s u l t s  and intermediate r e5u l t s  from each individual  com- 

ponent. This option will be exercised by the operator by use of 

Seme Switch $1 on the computer. 

at the i n i t i a l  start of deck number one of the  actuator- t russ  

program, and l e f t  on during each succeeding program (tubing 

program, pump program, etc. intermediate information w i l l  be 

composed of system pressure, moment a r m ,  component weight, and 

component f a i l u r e  r a t e  f o r  each of the separate components wi th in  

the system. This intermediate information w i l l  be useful  t o  the 

operator i f  he wishes t o  examine a system by components as an a i d  

and only an a i d  to  the f i n a l  overa l l  progrglm re su l t s .  This w i l l  

he lp  him understand how an individual  component is effected by a 

change i n  system pressure o r  moment arm. A cautionary note must 

be noted at t h i s  point t h a t  the intermediate r e s u l t s  are incon- 

c lus ive  and f a l s e  conclusions can be drawn from them. 

themselves a r e  only indicat ions of the  components withixi the system 

and not ind ica t ive  of the system as a whole. 

I f  Sense Switch #1 is turned on 

They i n  

The forms tha t  output r e s u l t s  a r e  received, f o r  both in t e r -  

mediate component information and f i n a l  r e s u l t s ,  is explained below. 

1. Final  Results 

A l l  da ta  received i n  the f i n a l  r e s u l t s  w i l l  be i n  the  

T h i s  data  w i l l  Fortran 11-D floating-point constant form. 

be pr inted out i n  three groups and w i l l  be i n  the following 

order. 

- - - 



The f i r s t  group w i l l  be qomposed of program and system 

iden t i f i ca t ion  information t o  be used as re€erence a f t e r  the  

program has been completed. This i deh t i f i ca t ion  information 

w i l l  appear i n  the f i r s t  two rows. 

the words "Computer Frogram Number" a t  the s tar t  with the  

The first row w i l l  have 

operator assigned input i den t i f i ca t ion  d i g i t  (VRRON) immediately 

following. The second row w i l l  be composed of two numbers, 

the f i r s t  being the  system pressure ( p s i ) ,  and the  second 

being the moment arm (inches) f o r  the  system under invest-  

igation. 

The second group of information t o  be pr inted out w i l l  

be t o t a l  system parameters. These parameters w i l l  be l i s t e d  

i n  three rows and a re  as follows: 

Row #1 

Row one w i l l  f i r s t  contain the words "Total System 

Cost Is" and w i l l  be followed by the ac tua l  t o t a l  

system cos t  i n  do l la rs .  

Row #2 

Row two w i l l  f i r s t  contain the words "Total System Weight 

IS-----:' and w i l l  be followed by th.e ac tua l  t o t a l  

weight of t he  system under consideration i n  pounds. 

Row #3 

Row three w i l l  first contain the words "Total System 

Generic Failure Rate Is" and w i l l  then be followed 

by the ac tua l  system f a i l u r e  rate given i n  failures 

per mill ion hdurs. 



This second group of information is deeigned t o  give the 

inves t iga tor  an overa l l  i n s igh t  i n t o  the system as a complete 

hydraulic unit. 

The t h i r d  and last group of information t o  be pr inted out 
t 

f o r  the system under consideration, w i l l  be the individual  

component data  of which the complete hydraulic system is 

composed. 

l i s t ed .  

Information f o r  the following components w i l l  be 

Row #I - Actuator Data 

Bow one w i l l  contain the  following data ,  and i n  the 

order l i s t e d ,  f o r  a s ing le  actuator  i n  the system 

under consideration 1) actua tor  weight (pounds), 

2) actuator  f a i l u r e  r a t e  ( f a i l u r e s  per mil l ion 

hours) 

4) actuator  l i f e  ( t o t a l  rfonN time - cyclee). 

3) actuator  l i f e  ( t o t a l  rronft time - hours) 

Row #2 - Fixed Awle Pump Data 

The second row w i l l  contain the  following fixed 

angle pump data, and i n  the order l i e t e d ,  f o r  a ’ 

s ing le  fixed angle pump. 1 )  f ixed angle pump weight 

. 

(pounds), 

per mil l ion hours), 

time . - hours) . 
2) f ixed angle pump f a i l u r e  r a t e  ( f a i lu re6  

3) f ixed angle pump l i f e  ( t o t a l  

Row #4 - Wobble P la te  Pump or  I n t e n s i f i e r  

Row three w i l l  contain information concerning the  

wobble p la te  pump or  hydraulic i n t e n s i f i e r  depending 

I. 

upon which one was used i n  the system under invest-  

igat ion.  This information w i l l  be as follow8 and 



i n  the order l i s t e d .  

s i f i e r  weight (pounds) , 
i n t e n s i f i e r  f a i l u r e  r a t e  ( f a i l u r e s  per mil l ion hours), 

3) wobble p la te  pump or  i n t e n s i f i e r  l i f e  ( t o t a l  "ontt 

time - hours) . 
Row #4 - T r u s s  Data 

1) wobble p l a t e  pump or  inten- 

2 )  wobble p l a t e  pump o r  

The fourth row w i l l  contain the following t r u s s  data ,  

and i n  t h e  order a8 l i s t e d .  1) t r u s s  weight (pounds) 

2) truss f a i l u r e  r a t e  ( f a i l u r e s  per mil l ion hours). 

Row #5 - Reservoir and/or Accumulator Data 

The in fomat ion  being pr inted out in row number f i v e  

w i l l  be 1 )  weight (pounds), and 2 )  f a i l u r e  r a t e  

( f a i l u r e s  per mil l ion hours) f o r  the reservoir ,  

reservoir  and accumulator, or accumulator depending 

upon which component or components a r e  used i n  the 

system under consideration. 

!Chis then comprisesthe f i n a l  p r i n t  out f o r  a s ing le  da t a  point 

f o r  the system under investigation. 
I. 

2. Intermediate Component Results 

The format by which the intermediate r e s u l t s  w i l l  be 

obtained w i l l  be i den t i ca l  t o  the form explained previously 

under F ina l  Results. The intermediate r e s u l t s  w i l l  be 

pr inted out at the end of each component program i n  the 

form of a s ing le  row of information per in i t ia l  da ta  point 

under investigation. Each row of information w i l l  be 

composed of the following four  pieces of information; 

Hydraulic system pressure (Pounds per square inch) ,  

(1) 

(2) 



a 

Actuator moment a r m  (inches),  

within the  system under inves t iga t ion  (pounds), 

(3)  weight of a s ing le  component 

(4) failure 

rate of a s ingle  component within the system under inves t iga t ion  

(failure/lO hours) . 6 

Only i f  sense switch # l i s  011 w i l l  intermediate component 

r e s u l t s  be received by the  operator as w e l l  as the  f i n a l  r e su l t s .  

E. General Ins t ruc t ions  fo r  Running Program 

The ins t ruc t ions  f o r  running the  program w i l l  b e s t  be described 

by s teps ,  and using this method they are l i s t e d  below. 

thing t o  remember is tha t  the sequence of individual  decks is most 

The important 

important and only i f  the complete program is run i n  proper sequence 

w i l l  be cor rec t  r e s u l t s  be obtained. 

Step #1 

Both the  rtO1l Ring weight Subroutine, and the "0" R i n g  

Fa i lure  r a t e  subroutine must be loaded on the  permanent d i sk  

s torage before the main sec t ion  of the program can be used. 

The first s t e p  w i l l  then be t o  load these two subroutines 

i n t o  permanent disk storage so that they are  accessible  t o  

the  main program. Ei ther  of the two subroutine decks may 

be loaded f i r s t .  

Step #2 

The next s t ep  w i l l  be t o  prepare the i n i t i a l  parameter 

da t a  f o r  the  par t icu lar  system under investigation. T h i s  

preparation was described f u l l y  i n  Section C; Initial 

Data Input. The ins t ruc t ions  there  should be followed at 

t h i s  time. The f i n a l  resu l t s  of t h i s  s t e p  should be 
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t h i r t e e n  (U) data  cards  i n  the proper sequence as 

explained i n  Section C. 

Step  #3 

The number one (1)  deck of the four  ( 4 )  decks of 

the  Actuator-Truss program should be run a t  this time 

using the data  cards prepared i n  S tep  #2 as the  input  

data  t o  t h i s  deck. The end r e s u l t s  of t h i s  deck w i l l  

be only punched data cards. 

Ster, #f4 

The number two (2) deck of the  four (4) decks of 

the Actuator-Truss program w i l l  be run in this s t e p  

using the punched da ta  cards t h a t  were the r e s u l t s  of 

deck one (1) from Step #3. 
z 

A s  i n  S tep  #3 the  end 

r e s u l t s  of t h i s  deck w i l l  be punched data  cards. 

Step #5 

The number three (3) deck of the four (4) decks 

of the  Actuator Truss program w i l l  be run i o  t h i s  s t e p  

using the  punched da ta  cards  t h a t  were the r e s u l t s  of 

deck two ( 2 )  from Step  #4. As i n  Step #3 and Step  #% 

the  end r e s u l t s  of t h i s  deck w i l l  be punched da ta  cards.  

Ster, #6 

The number four (4) deck of the four ( 4 )  decks of 

the  Actuator-Truss program w i l l  be run i n  t h i s  s t e p  

using the punched da ta  cards t h a t  were the r e s u l t 8  of 

deck three (3) from Step  #5. The r e e u l t s  of this run 

w i l l  be punched data  cards and intermediate r e s u l t s  of 

the actuator  and t r u s s  i f  Sense Switch #l has been turned 



I .  
on. 

of t h i s  s t e p  w i l l  only be punched da ta  cards,  I f  i n t e r -  

mediate data  has been pr inted i t  w i l l  be (1)  system pre- 

ssure  ( p s i ) ,  ( 2 )  moment arm ( in . ) ,  (3) actuator  weight 

6 ( lb s .  1, 

hours), (5) t r u s s  weight ( lbe ,  1, ( 6 )  t r u s s  generic 

6 f a i l u r e  r a t e  ( failures/lO hours), This intermediate infor- 

mation w i l l  be i n  the form described i n  Section D; Program 

Output and Results. 

I f  Sense Switch #1 has not been turned on,the r e s u l t s  

(4) actuator  generic f a i l u r e  r a t e  ( fa i lures/ lO 

Step a 
I n  this step, the tubing deck will be run using the 

punched data  cards from Step  #6 as input  data. 

of t h i s  s t e p  w i l l  be punched data  cards and intermediate 

tubing result8 i f  Sense Switch #1 has been turned on. 

Sense Switch #l has not been turned on,the r e s u l t s  of thlrr 

s t e p  w i l l  only be punched da ta  cards. 

tubing da ta  i s  pr in ted , i t  w i l l  be, 

( p s i ) ,  (2) moment arm ( i n . ) ,  (3) combined tubing and 

f i t t i n g  weight (lbe.) ,  

The r e s u l t s  

If 

I f  intermediate 

(1) system pressure 

(4) tubing system generic f a i l u r e  . 
6 r a t e  (failurcs/lO hours), As i n  Step #% the in t e r -  

mediate information w i l l  be i n  the form described in 

Sect ion I). 

Step #8 

The number one (1)  deck of the  two (2) decks of the  

f ixed angle pump program w i l l  be run i n  this s t e p  using 

the punched d a t a  cards  t h a t  were the r e s u l t s  of the 

tubing program i n  Step #‘7 as input  data. The end r e s u l t s  
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of this s t e p  w i l l  only be punched da ta  cards. 

The number two (2) deck of t he  two (2) decks of the  

f ixed angle pump program w i l l  be run i n  t h i s  s t e p  using 

the punched data cards produced i n  S tep  #8 as input  data. 

The results of t h i s  s t e p  w i l l  be punched da ta  cards ,  and 

intermediate fixed angle pump information but only if 
Sense Switch #l has been turned on. 

has not been turned on,the only r e s u l t s  of t h i s  s t e p  w i l l  

be punched da ta  cards. 

If Sense Switch #l 

If the  opt ion has been exercised 

t o  receive intermediate information on the  fixed angle 

pump,it w i l l  be pr inted i n  a single row per system da ta  

point  and w i l l  be (1)  System pressure ( p s i ) ,  ( 2 )  moment 

arm (in. 1, 

(4) a s ing le  fixed angle pump generic f a i l u r e  rate 

(failuree/lO houre). This pump information w i l l  be of 

(3) a s ing le  f ixed  angle pump weight ( lbs .  1, 

6 

the form described i n  Sect ion D. 

I n  t h i s  s t e p  the wobble p l a t e  pump program w i l l  be 

run using the punched output da t a  cards  from Step  #g as .. 

input  data. The r e s u l t s  of t h i s  s t e p  w i l l  be punched 

da ta  cards  and intermediate wobble p l a t e  pump inform- 

a t ion ,  i f  Sense Switch #1 has been turned on. 

Switch #1 has not been turned onl the only r e s u l t s  of 

t h i s  s t e p  w i l l  be punched da ta  cards. 

If Sense 

The intermediate 

wobble p l a t e  information w i l l  be a s ing le  row of data  
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A 

per system data  point. 

order of (1)  system pressure ( p s i ) ,  ( 2 )  Moment a r m  

( in .  , (3) weight of a s ing le  wobble p l a t e  pump ( lbs .  

(4) generic f a i l u r e  r a t e  of a s ing le  wobble p l a t e  pump 

(fai lures/ lO hours). As with a l l  intermediate 

component information i t  w i l l  be i n  the form described 

i n  Section D, Program Output and Results. 

This row of da t a  w i l l  be i n  the 

6 

Step P11 

The hydraulic i n t e n s i f i e r  program w i l l  be run i n  

this s t e p  using the punched output da t a  cards from the 

wobble p l a t e  pump program, (Step #lo) ,  as input data. 

I f  Sense Switch #l has been turned on, the  r e e u l t s  of 

the i n t e n s i f i e r  program w i l l  be both punched output da t a  

carde, and intermediate hydraulic i n t e n s i f i e r  information. 

If Sense Switch #l is not turned on,the r e s u l t s  of the 

run w i l l  only be in the form of punched output data  

cards. Intermediate i n t e n s i f i e r  information w i l l  be i n  

the form of a s ingle  row of i n t e n s i f i e r  data  f o r  each 

system da ta  point. 

following sequence:. (1)  system pressure ( p s i ) ,  

moment a r m  ( i n ) ,  

Each row w i l l  be arranged i n  the 

(2) 

(3) weight of a s ing le  i n t e n s i f i e r  

( lbs . ) ,  (4) generic f a i l u r e  r a t e  of a s ingle  inten- 

6 s i f  i e r  (failures/lO hours) . The intermediate inform- 

a t ion  w i l l  be i n  the form described i n  Section D. 
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The f i l ter  program is run i n  t h i s  s t ep  using the 

punched output data  cards  from the hydraulic i n t e n s i f i e r  

program (Step XU) as input  data. If Sense Switch #l 

has been turned on, the  r e s u l t s  of the f i l t e r  program 

w i l l  be both punched output da t a  cards,  and intermediate 

f i l t e r  information. 

the  r e s u l t s  of the f i l t e r  program w i l l  only be in the  

form punched output da t a  cards. 

w i l l  be i n  the form of a s ing le  row of f i l t e r  da ta  f o r  

each system da ta  point.  

the  following sequence; 

(2) moment arm (in.) ,  

the  system being inves t iga t ion  (lbs. 1, 

f a i l u r e  r a t e  o f  a s ing le  f i l t e r  ( fa i lures/ lO 

The intermediate f i l t e r  information w i l l  be i n  the form 

If Sense Switch #l i S  not  turned on, 

Intermediate information 

Each row w i l l  be arranged i n  

(1) system pressure (pi), 

(3) weight of a single f i l t e r  f o r  

(4) generic 

6 hours) . 

described i n  Section D. 

Step #13 

The reservoir-accumulator program deck w i l l  be run 

i n  this step.  

da t a  cards  from the f i l t e r  program (Step #U). 

r e s u l t s  of the reservoir-accumulator program w i l l  be 

both punched output da ta  cards and intermediate reservoir-  

accumulator information, i f  Sense Switch #l has been 

turned on. 

the  r e s u l t s  of the reservoir-accumulator program W i l l  

The input  data  w i l l  be the punched output 

The 

If Sense Switch #1 has not been turned on, 



only be i n  the form of punched output da t a  cards. 

Reservoir-accumulator intermediate information w i l l  

be i n  the  form of a e ingle  row of da t a  f o r  every system 

da ta  point. 

following form; (1) system pressure ( p s i ) ,  (2) moment 

a r m  ( in . ) ,  

accumulator ( lbs . ) ,  

s i n g l e  r e se rvo i r  and/or accumulator (Failures/lO hours 1. 

The output form described i n  Sect ion D, w i l l  be used f o r  

the  reservoir-accumulator information. 

Each row of in fomat ion  w i l l  be i n  the  

(3)  weight of a s ing le  reservoi r  and/or 

(4) generic f a i l u r e  rate of a 

6 

Step  #14 

The f i n a l  program, complete vehicle  conversion 

deck, w i l l  f i n a l i z e  the running of the program. 

punched output data cards from the reservoir-accumulator 

program (Step #13) w i l l  be used as input  data. The final 

r e e u l t s  w i l l  be pr inted out of the end of t h e  program and 

The 

w i l l  be comprised of information described i n  Sect ion D; 

Program Output and Results,  P a r t  1: Fina l  Results. 

This completes the running of the  program and w i l l  give the  

user  a complete s e t  of information f o r  varying moment arms and 

varying system pressures for a pa r t i cu la r  hydraulic system under 

invest igat ion.  

F.- L i s t ing .o f  Component Computer Programs 

Following is a complete l i s t i n g  of t he  ind iv idua l  component 

and subroutine programs which form the  ove ra l l  final study program. 



They are l i s t ed  i n  the order to be used when an investigation for a 

particular hydraulic system is conducted. 

39 



*LDISK 
S UR RO iJ T I N E 0 S W E ( D I A !"I J 7 R I N G'4 T 
IF ( J -1 )  1 0 1 , 1 0 1 , 1 0 2  

1 0 1  I F  (DIAl4-4.475) 1 0 3 , 1 0 4 , 1 0 4  
1 0 4  !.I I D H = 2.7 5 E - 1 

GO T O  7 0  
1 0 3  I F  ( O I A F i - 1 . 4 7 5 ) 1 0 S , 1 0 6 , 1 ~ ~  
106 WIDH=2.1E-l 

1 0 5  I F  ( D I  Al4-.734) 107  108 109 
108 

GO T O  7 0  

bJ IDH= 1.39E - 1 
GO T O  7 0  

107 IF (UIAI,;-.362) 1 0 9 , 1 1 0 ~ 1 1 0  
110 \hs I D H = 1 . 0 3 E - I  

GO T O  7 0  
109  I F  ( D I A ~ . I - . o ~ o )  i l l ,  i i z , i i 2  
1 1 2  W IDH=7 . O E - 2  

1 1 1  I F  (DIAf4-.050) 1131 1149114 
1 1 4  

GO T O  7 0  

b! I DH=6 O E - 2  
GO T O  7 0  

1 1 3  I F  ( D I A ~ ~ 1 - . 0 3 6 ) 1 1 ~ , 1 1 6 , 1 1 ~  
116 W IDH=T .OE-% 

1 1 5  W IDH=4 .OE-2 

102  I F  (OIAM-4.96)121,122,177 
1 2 2  I.: IDH=2.75E-1 

1 2 1  I F  ( D I A M - 1 . 8 2 8 ) 1 2 3 ~ 1 2 4 ~ 1 2 4  

G O  T O  7 0  

GO T O  7 0  

G O  T O  7 1  

1 2 4  \dIDH=2.1E-1 
GO T O  7 1  

1 2 3  IF (DIAf '1- .978)125,176,136 
1 2 6 I:' I D H  = 1.39 E - 1 

GO T O  7 1  
125 I F  (DI  All-.5 36 1127, 128  , 1 2 8  
1 2 8  WIDH=1.03E-l 

GO T O  7 1  
1 2  7 I F  ( D  I AM-. 210 1 129  9 130  130 
1 3 0  b! IDH=7 .OE-2  

GO T O  7 1  
1 2 9  I F  (DIAM-.159)131,132,132 
1 3 2  WIDH=6.OE-2 

GO T O  7 1  
1 3 1  I F  (DIAM-.126)133,134,134 
1 3 4  W IDH=5.OE-2 

GO T O  7 1  
1 3 3  W IDH=4.0E-2 

GO T O  7 1  
7 0  D I A I = D I A N  

D I AO=D I Ab\+ ( 2.0W I O H  ) 
GO T O  7 5  

7 1  DIAO=DIAM 

75 R I N G W T =  .0574* ( D I  A I  +Ol AO 1::: ( WI DHi:*2.0) 
R E T U R N  
E N D  

D I AI = D  I AM-(  2.0*\4 I DH 1 

TABU V 
O-RING WEIGHT SUBROUTINb 
COMPUTJB PROrnAM LISTING 
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::LD I S K  
SUBROUTI; , IE O S F ?  ( D I A : . l ,  S”I!E,I 9 J , R I ; . l G F R )  
I F  ( J - l ) 1 , 1 9 2  

1 I F  ( U I A F 1 - 4 . 4 7 5 ) 3 , 4 , 4  
4 A L P I i = 1 . 2 8 E - l  

C L E R = 5  .OE-3  
W I D H = 2 . 7 5 E - 1  
GO TO 5 0  

3 I F  ( D I A C i - 1 . 4 7 5 ) 5 9 6 9 6  
6 A L P H = 1 . 0 9 E - l  

C L E R z 3 . 5  E - 3  
I d I D H = 2 . 1 E - l  
GO TO 5 0  

5 I F  ( D I A M - . 7 3 4 ) 7 9 R y 8  
8 A L P H = ~ .  1 8 E - 1  

\I I DH= 1 - 3 9  E - 1 
GO TO 5 0  

10 A L P H = 1 . 3 E - 1  
C L E R z 2 . 5 E - 3  
I.I I D  H = 1.0 3E - 1 
GO T O  50  

C L E R z 3 . 0 E - 3  

7 I F  ( D I A b I - . 3 6 2 ) 9 , 1 0 9 1 0  

9 I F  ( D I A M - . 0 7 0 )  1 1 , 1 2 1  1 2  
1 2  A L P H = 1 . 8 8 E - 1  

C L E R = 2  .OE-3 
W I D H = 7  mOE-2 
GO T O  5 0  

1 1  I F  ( D I A I ” I - . 0 5 0 ) 1 3 ~ 1 4 , 1 4  
14 A L P H = 1 . 9 E - 1  

C L E R = 2  .OE-3  
W I D H = 6  .OE-2  
GO TO 5 0  

1 6  A L P H = 1 . 9 E - l  
C L E R = 2 . O E - 3  

13 I F  ( D I A 1 ’ 1 - . 0 3 6 ) 1 5 , 1 6 t l 6  

W I D H = 5  .OE-2  
GO T O  5 0  

1 5  A L P H = 2 . 0 8 E - 1  
C L E R = 2  .OE-3  
W I D H Z 4 . O E - 2  
GO TO 5 0  

2 2  A L P H = 1 . 2 8 E - l  

W I D  H = 2 .7  5 E - 1 
GO T O  5 1  

2 I F  ( D I A M - 4 . 9 6 ) 2 1 , 2 2 9 2 2  

C L E R z 5 e O E - 3  

2 1 I F  ( D I Al‘ l-1 8 2 8  1 2 3 9 2 4 9  2 4  
2 4  A L P H = 1 . 0 9 E - l  

C L E R z 3 . 5 E - 3  

GO T O  5 1  
W I D H = 2 . 1 E - 1  

2 3  I F  ( D I A M - . 9 7 8 ) 2 5 , 2 6 , 2 6  
2 6  A L P H = l .  1 9 E - 1  

C L E R = 3 . O E - 3  
W I D H = l  3 9 E - 1  
GO T O  5 !  

TABBLEVI 
M I N G  FAILURE RATE S~IEROUTINE 

COPPUTER PROGRAM LISTING 
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25 I F  ( i ~ I / , i , - . ~ ~ ~ . , ) ~ 7 , ~ ,  ,213 
Z t i  A L U I I = 1 . 3 E - l  

c L E :?=;I. 5 e - 3  
! i 10 l i  = 1 . 0 3e - 1 
GI1 T Ll 5 1 

2 7 I F ( D I A l l -  2 10 1 2 9  9 30 , 3 0  
3 0  A L P H = 1 . 6 8 E - l  

C L E R = Z . O E - 3  
kIIIJH=7 . O E - 2  
GO TO 5 1  

29  I F  ( U I A M - . 1 5 9 ) 3 1 , 3 2 , 3 2  
3 2  A L P H z 1 . 9 E - 1  

C L E R = Z . O E - 3  

GO T U  5 1  
3 1  I F  ( U I  AN-. 1 2 6  1 3 3 ,  3 4 , 3 4  
3 4  A L P H z 1 . 9 E - 1  

W I D H = 5  .OE-2  

W I D H = 6  e 0 E - 2  

C L E R = 2 . O E - 3  

GO TO 5 1  
3 3  A L P H z 2 . 0 8 E - 1  

C L E K = 2 . O E - 3  
W I D H = 4  .OE-2  
GO TO 5 1  

D I AO=D I AM+ ( 2.O':ld I OH 
GO T O  5 2  

D I A I =D I AM - ( 2.0 * W  I DH 

5 0  D I A I = D I A M  

5 1  D I A O = D I A M  

5 2  DO 5 3  K = 1 , 7 , 1  
I F  ( I - K ) 5 4 , 5 4 ~ 5 3  

5 3  C O N T I N U E  
5 4  GO T O  ( 6 1 ~ 6 2 ~ 6 3 ~ 6 4 , 6 5 , 6 6 , 6 7 ) , K  
6 1 0 R I N G F R = (  ( ( D I A I + D I  A 0  I * (  A L P H * I J I  D H ) * (  l . O - A L ? H / Z  - 0 )  1 + 

1 ( 1.5 1 2 E - 1 /  ( ( ( D I A I  + D I  At1 )::I:: 2 .O X'ALPH + 
2 ( 2 . 3 E - 3 / C L E R ) +  
3 ( 2.9 1E + 1* A L P  H::W I DH 
4 (  ((1.835E-l*SPRE)/(4.0E+4-SPRE))+(7.04E+l/(2.OF+3+SPKE) ) )  

R E T U KI\1 
6 2 OR I N GF K = ( ( ( 0 I A I + D I AD :$ ( A L PH:: I4 I D H 1 ::I ( 1.0- A L P H/ 2 -0 + 

1 ( 1.5 1 2E - 1 / ( ( ( D I A I +D I A 0  't'* 2 0 1 '*A L P H 1 + 
2 ( 2 . 3 E - 3 / C L E R  ) ) Z :  
3 (  ( (  1.529E-l:rSPKE)/(4,0E+4-SPRE) ) + ( 4 . 6 9 E + 1 / ( 2 . C E + 3 + S P K E )  1 )  

R E T U R N  
6 3 0 R I N G F R = (  ( ( D I A I + D I  A 0  ) * I A L P H = W I D H  ) + (  1 . 0 - A L P H / 2 . 0 )  + 

1 ( 2 . 3 E - 3 / C L E R ) +  
2 ( 2.9 1E + 1 * A L P  H W  I DH + 
3 (  ( ( 1 . 8 3 5 E - l * S P R E ) / ( 4 . 0 E + 4 - S P R E )  ) + (  7 . 0 4 E + 1 / ( 2 . O E + 3 + S P R E ) ) )  

R E T U  K i l  

TABLE VI ;COIiTINUhD) 
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8 03 R E  AD 
RE AD 
R E A D  8 2 0 r A A A A l i A A A A 2 r A A A A 3 , A A A A 4 , A A A A 5 7 A A A A 6 r A A A A 7  
READ 820 r A A A A 8  9 A A A A 9 ,  A A A l O ,  A I  P A 1 9  A I  PA2,A I P A 3 r A  I P A 4  
R E  AD 820 9 XMDCr  XPtDDr XMDB, XMDA, XI4DEV XXXX 1 9 AKENG 
READ 820 r S l r  S 2 r  S 3 r  S 4 r X X X X 2 ,  P P P P 9  
R E A D  8 2 0 r P P P P l r A N G L l r A N G L 2 ,  PUMS1,  PUMSZ r S 5 7 S 6  
R E A D  ~ ~ O ~ S ~ , S ~ ~ S ~ ~ P P P P ~ ~ P P P P ~ , P P P P P ~ ~ P P P P ~  
R E A D  
READ 8 2 0 r S S S 2 r  S S S 3 r  S S S I  r R S P A l r R S P A Z r R S P A 3 , T U I L W  
R E A D  820 RRRR l r  R R R R 3 r  RRRR4,QQQQl r  QQQQ2 r Q Q Q Q 3  ( V N A F Q  
R E A D  ~ ~ O ~ V H S F O ~ V F L R C I V P N U B I V H Y S B ,  VWCSTyVDEVL,VPEND 
R E A D  8 2 0 , V R E P R r  V L I  FP,  V L I  FAT VCYCA, V O P E R r  V T E S T  r V T C S T  
x=1.0 
A P P P I = 1 . 0  
V E L A = A V P R * V E  L S  

8 20 9 TO RQ 9 V E L  S * TR AA 9 A K V  E L  t E I N T  9 APlU 1.1 I3 9 AV P R 
8 20 9 P RE I r D P  R E P R EM 9 Ah10 i . 1 ~  DMUM 7 Ai4 AX 9 V P R O N  

8 2 0 r P P P P 6 r P P P P 7 r  F F F F l r  FFFF2, F F F F 3  9 F F F F 4 r P P P P 8  

800 P R E S = P R E I  
8 0 1  WEIGHT=O.O 

R E L  I AB=O - 0  
V E L L = V E L  A*AMOM 
T R A L  = T R A A* A MO I4 

F L O W = F O R C * V E L L / P R E S  
V E L  X =V E L S:: AM0 M 
F L O A = F O R C * V E L X / P R E S  

FO RC =T ORQ / AM 0 1.1 

A V 2 F  1=( ( V E L A * T O R Q  )**O. 5 )  / (  PRES**O. 75 1 
A V 2 F  2=1.0+. 000 3 0 8 * P R  E S  
AV 2 F V  = .05 94* AV 2F 1 
A V 2 F  J=. 3 0 9 * A V 2 F 1  
AV 2F B= 0 242% AV 2F 1* P R E S**O 5 
A V 2 F  I =. 3 0 8 * A V 2 F 2 * A V Z F l + .  118* ( A V 2 F Z * A V Z F l )  *:SO05 
AV 2 F  X= 1.5 6 2 S A V  2 F  l+. 57 5% ( A V 2  F 2 * A V 2  F 1 1 **O .5 
AV2FW =. 217* (  A V 2 F  I * * Z e 0 - A V 2 F J * * 2 .  0 ) * A V Z F X  

R E L I A B = R E  L I  A B + . 0 0 2 2 7 * ( P Z E S * * O .  S / A V 2 F l )  +2.27/ ( A V 2 F  l *PRES**O.S 1 
WE I G HT = N  E I G H T + . 0 2 1 5 *  A V  2 F J* A V 2 F X 

b!E I G H T  =NE IGHT+.  2 17* ( A V Z F  I *+ 2 aO-AV2 F J'x*2 D 1 ' kAV2 F X  

R E L I A B z R E L I  A B + . 0 0 2 2 7 * (  PRES:k*O. 5 / A V 2 F 1 )  +2.27/ ( A V 2 F l + P R E S * * 0 . 5  ) 
AV 1 2  J= .9 1 2 * A V  Z F  J** 1 5 / P R  ES**  2 5  
AV 1 2 X = 2 5 . 7 * A V  12J 
A V 1 2 1 = 6 . 1 4 * A V l Z J  
AV 12W = 2 15 * AV 1 2 Jc'c: 3 0 
AV12R=.  335* (  PRE S**O 5 I * (  A V 1 2  J:z*2.0 1 * ( 1.0/ ( A V 1 2 J * * l  e 2  ) -6 -9  
I F  ( A V 1 2 R - o O 0 0  1 1 8  1 5 9  8 1 5 7  8 16 

q -t- - 
815 A V 1 2 R = . 0 0 0 1  
816 WE IGHT=WE I G H T + . 0 8 8 * P R E S & A V l  2J2x*3.0 

R E L  I A B = R E L I  A B + . D 0 0 4 1 * A V l Z J * P R E S  
A V 1 i.1C = AV 1 2 J ** 3 0 * P R E S 
AV 1W I =4.19*AV 1 2  J 
AV 1 F W = . 00 143* AV 1 i4C / A V 1 2 J 
WE I G HT =WE I G H  T+. 5 16* A V  1 i4C+ 3.8 6 * A V  1 FW+'. 00437* PR E S+AV 1M I **3.0 
R E L I A B= R E L 1 A B+ 000 2 6 / A V 1 PIC+ 3 6 5 / ( P R E  Sa A V 1 M I 1 + 7.5  3 *A V 1 2 J * * 2 0 + 0 2 
AV 1 D R =  e00248 / A V  lFW** 333 
R E L I A d= R E L I A B + m 0 0  28 6 / AV 1 F W* 0.3 3 3 + 0 00 8 + 0 1 8 2 'k A V 1 D R + 3 64s AV 1 D R 
WE I G H T  =WE I G H T + l . l 0 4 * A V l  F W + . 0 0 3 0 6 + . 2 3 * A V l  FW+ . 5 7 2 * A V  l F G l  
A V  l N  W = e 4  3 * A V  12W 
WE I G HT =W E I G H T + 3.9 0 * A V 1 M I * * 3.0 + .4 3 * A  V 12 W + 2 .2 * A V 1 N W + . 0 0 1 5 2 
R E  L I A 8 =RE L I A B+ 3 5% A V  1 M I  + 33 7:: A V 1 2 R + 0 0 0 2 5 8 / A  V 1 N W + $0 - 3 3 3 

TABLE VI1 
DECK NUMBhR 1 -ACTUATOR 

COMPUTIB PR0C;RAM LISTING 
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A V l N I  = . 6 9 2 * A V 1 2 1  

WE I G H T  =RE I G H T + R I  NGWT 

WE I G H T = W E I G H T + R I N G W T  

C A L L  OSWE ( ~ . ~ ~ ~ * A V ~ M I T ~ , R I N G W T )  

C A L L  OSWE ( 4 . 0 * A V l N I , 2 , R I N G W T )  

C A L L  O S F R  ( 176 TPRESI 59 2, R I N G F R  ) 
RELIAB=RELIAB+2*86*RINGFR 
C A L L  O S F R  ( 1 . 9 2 5 * A V l M I  T O .  1‘*PRES,6, 1 q R I N G F R )  

C A L L  O S F R  ( 4 * O * A V l N I  T O . ~ * P R E S ,  5 , 2 , R I \ ! G F R )  
R E L I A B = R E L I A B + R I N G F R  

R E L I A B = R E L I A B + R I N G F R  
AV 11W= .0040 2 9 A V 2 F  J**2 .O 

AV 1 1 I =7 .9 3:: AV 2 F J:k:k 2.0 /A  V 2  F X 
A v  1YW = . l O 4 a A V  1 1 I ** 3.0 
A V  1 Y  K = 1 .O l + A V  1 2 R  
A V l Y  I= 1 . 0 1 9 A V  111 
C A L L  OSWE ( 1 . O 1 ~ ~ ~ A V 1 Y I , Z 1 R I N G W T )  
AV 1XW=2.0*R INGWT 
C A L L  OSWE ( 1 . 2 7 5 * A V l Y I , Z , R I N G W T )  

C A L L  O S F R  ( 1 . 0 1 : k A V L Y I  T P R E S / ~ . O , ~ T ~ , R I ~ ~ G F R )  
AV l X R = R I N G F R  
C A L L  O S F R  ( 1 . 0 1 * A V 1 Y I  , P R E S / 2 . 0 , 2 , 2 , R I N G F R )  
AV 1 X R = A V  l X R + R I N G F R  
c ALL  OSFR ( 1.27 5 * A V l y  I , PR E S /  2.0,2 , 2 , R I bIGF R 
A V l X R = A V  1 X R + R I N G F R  
AV 1\*11.1= . 000 2 15  8 P  R E S* A V 1 1 I ::*< 3.0 
AV 1W R= .OOO 32 2 /  A V  1 1 I 
A V  2c W = 2 . 1 2 E  -79 ( A V 2 F  J:k* 3.0 1 * ( PR ES**  1.5 
AV 2C R=  .OOOO 25 / A V 2 F  V 
WE IGHT=\ - IE  I G I i T + .  446kkAV2C’r l  
C A L L  OSWE ( 1 . 0 1 5 * A V 2 F I  , 2 r K I i \ l G W T )  
WE IGHT=I;IE I G H T + 6  .O::RI NGWT 
C A L L  O S F R  ( l . O 1 5 * A V 2 F I  p P R E S / 2 . 0 , 2 r 2 t R I h ! G F R )  
R E L  I AB=RE L I  A B + 2 . 4 * A V 2 C R + 6 . 0 * R I  NGFR 

A V 1 1 R = . 0 4 2 * A V 2 F  J * * 2 . O / A V 1 2 J  

AV ~ X W = A V  1XW +R INGW T 

AV 214 W = 0 00 35 6 *A V 2 F V 9 P  R E S* A V 2 F J* % 2 0” A A A A 1 
A V 2 N R = A A A A 1 * ( 5 . 2  2 E - 6 ) $< P R E S:: :h 0 .5  / ( A V 2 F J :: A V 2 F V 
AV 2 N  I = A A A A  1*AV 2F J* ( 61  5 +  e000 1 2 8 * P  R E S  1 
C A L L  OSWE ( 1 . 3 9 ~ A V 2 F J T 1 , R I N G W T )  
I.1 E I G HT =W E I G H T + .3 5 2* A V 2 I\! W +  2.0 4 A A A A 1:: R I N GW T 
C A L L  0 SF R 
R E L I A B = R E L I A B + A A A A 1 * ( . . 0 0 0 5 2 / A V 2 F J + 2 . O ~ ~ R I N G F R )  
WE IGHT=WEIGHT+2.5E-9‘:(AV2FJ*::4.0 ) * (  PRES**2 .0  ) / A V 2 F V * Z . O  
RELIAB=RELIAB+l.71/((AV2FJ)*(PRES~’*Oe5))*2.0 
A v 2 R x = . 0 0 0 0 444:: p R E S:: A V2 F J:k* 2.0 / A  V 2  F V 
C A L L  OSWE ( 1 . 1 2 : : A V 2 N I , 2 t R I N G H T )  
C A L L  O S F R  ( 1 . 1 2 9 A V 2 N I  , P R E S / 2 . O T 5 , 2 , R 1 r ~ G F R )  
WE I G H T  =WE I G H T + 4 , D * A A A A l * R I  NGWT 
R E L I A B = R E L I  A B + 4 . 0 * A A A A l : k R I N G F R  

( 1 39:: A V 2  f’ J 9 0 0 T 6 T 1 j R 1 FIG F R ) 

C A L L  OSWE ( 1 . 0 1 5 * A V 2 F I  T ~ T R I N G W T )  
C A L L  D S F R  ( ~ . O ~ ~ * A V ~ F I T P R E S / Z . O ( ~ ,  2 9 R I b I G F R )  
WE I G HT =WE I G H T+ 2.O::R I i\lG I4 T 
R E L  I AB=RE L I AB+2.O*R I PJG FP, 
A V 2 K  1=1.18:;:( ( A V 2 6 X )  +2 .0 : ’AV2FV)+3 .O*AAAAl ’ :AV2FV 
A V  2 K X  = 1.3 1 * A V 2 K - l +  000 12R‘:AV2 F J * P R  E S  
A V 2 K R =  .0468/ ( A V Z F V + A V 2 F  J ‘%PRES)  
AV 2K I.! = . 00 0 2 2 3* A V 2 K 1 * P R E S * A V 2  F J 89 2.0 
WE I G H T = K E I G H T + .  1 6 8 5 * A V 2 K b l  

TABLE VII (CONTINLED) 
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R E L  I AB=RE L I AB+. 11 6 5 * A V 2 K R + .  0000 1 / A V Z F V  
AV 2HkI = .04 3 4* AV 2F J** 3.0 
WE IGHT=WE IGHT+.765*AVZHW 
R E L  I A B = R E L I A B + . 0 0 0 9 1 5 /  (AVZHW*>*. 333)  
C A L L  OSWE ( 0 9 2 e A V 2 F J q  2 9 R I N G W T )  
C A L L  O S F R  ( . ~ ~ * A V ~ F J T P R E S / ~ . O T Z T ~ T R I N G F R )  
WE I G H T  =WE I G H T + R  I N G W T + 4 o 3 7 * A A A A  2r; ( A V 1 2  Jxc*3 - 0  * ( P R E S ” =  333 1 
R E L I A B = R E L I A B + R I N G F R  

AVM J X= 22.65 * AV 1 2  J* A A A A  2 

AV M K R = . 0 9 8 2* AV M J R 
AVM A W = A A A A 2 * 2 6  .O 5* A V 2  FX*  A V 1 2  J** 2.0 

WE IGHT=WE IGHT+.837*AVMAW 

AVM JR=o 05  17  / ( ( A V l 2  J 1 *PRES**. 333  

WE I G H T z W E  I G H T + A A A A 2 * 2 4 .  6 * A V 1 2 J * * 3 o  O*PRES**  0333 

* A A A A 2  

AVbI AR= A A A A  24 AV 2F X *  -00 1 1 9  3 * A V 2  F X /  A V 1 2  J 

R E L  I A B = R E L I  A B + . 0 0 2 0 2 * A A A A 2 *  ( 1.0 / ( AVI.IAW** .333+1 .OE-20 1 
C A L L  OSWE( l o 3 1 * A V 2 F J , l , R I N G W T )  
C A L L  O S F R ( ~ . ~ ~ * A V ~ F J T ~ O . T ~ T ~ T R I N G F R )  
WE IGHT=WE I G H T + R I N G W T * 4 . 0  
R E L I A B = R E L I A B + R I N G F R  

R E L I A B = R E L I A B + R I N G F R  
C A L L  O S F R (  ~ . ~ ~ * A V ~ F J , P R E S T ~ T ~ , R I N G F R )  

C A L L  O S F R ( ~ . ~ ~ ~ A V Z F J T P R E S / ~ . O T ~ T ~ T R I N G F R )  
R E L I A B = R E L I A B + R € N G F R = 2 . 0  
WEIGHT=WEIGHT+2.0*AVl2W+4.O*AV2CW+2.O~AV2NW+2.O*AV2KW+AV2HW 

O R E L I A B = R E ~ I A B + 2 . 0 ~ A V l 2 R + 2 . O * A V l D R + 4 ~ O ~ A V 2 C R + 2 . O ~ ~ A V Z N R + 2 . O * A V 2 K R +  
12 .O*AVMJR+AVKKR 

PUNC H 
P U N C H  
P U N C H  

830 9 AV ZFW 1 A V 2  F 2 T A V 2  F V  T A V 2  F J T A V 2  F B  9 A V Z  F I T A V 2  F X 
830 T A V ~ ~ J T A V ~ ~ X  t A V 1 2 1  V A V 1 M I  TAVLFW ( A V 1 1 W  r A V l l R  
830 9 AV 1YW T A V l Y R  T A V l Y  I T A V ~ X W T A V ~ X R  ,AV1L?IW ( A V 1 W R  

P U  NC H 8 30 AV 14 AW AVI4AR TORQ AA AA 8, T RAA E I N T T W E I G H T  
PUNCH ~ ~ ~ T R E L I A ~ T A A A A ~ T A A A A ~ T A A A A ~ T A A A A ~ T A A A A ~ T V E L S  
P U N C H  ~ ~ O , A A A A ~ , A I P A ~ , A I P A Z T A I P A ~ T A I P A ~ T A P P P I T V E L X  
P U N C H  ~ ~ O T A M O I I T P R E S T  A A A A 7 9  T R A L t  F O R C T  FLOW T F L O A  
P U N C H  8 30 9 A K V  E L 9 ANUMB 9 % MDC 9 Xt4D G 7 XI4 D B 9 Xt4D A T XI4D E 
P U N C H  ~ ~ O , A A A A ~ T A A A ~ O T X X X X ~ T  A K E N G T V P R O N  
P U N C H  8 30 9 s 1 T S 2 9  539 54, x)(.xx2 T pppp9 
PUNC H 830 9 P P P P  1 9 ANG L 1 T ANGL 2 T PUf.IS 1 T PUMS 2 T S 5 T S 6 
P U N C H  ~ ~ ~ T S ~ T S ~ T S ~ T P P P P ~ T P ~ ~ ~ ~ T ~ ~ ~ ~ ~ T ~ ~ ~ ~ ~  
PUNCH ~ ~ ~ ~ P P P P ~ , P P P P ~ T F F F F ~ T F F F F ~ ~ F F F F ~ ~ F F F F ~ T P P P P ~  
P U N C H  8 3 o ~ ~ s ~ ~ ~ s s s 3 ~ s s ~ I  T R S P A ~ T R S P A ~ T R S P A ~ T T O ~ L W  
P U E C H  830 T R R R R L T R R R R ~ T R R R R ~ T  Q Q Q Q l  T Q Q Q O ~ T Q Q Q Q ~  T V N A F Q  
P U NC H 8 30 9 V H s FO VF L R  C 9 VP N U B  9 V HY S B 9 V klC S T T V D E V L T V P END 
P U N C H  ~ ~ O , V R E P R T V L I F P , V L I F A T V C Y C A T V O P E R T V T E S T T V T C S T  
P R E S = P R E S + D P R E  

8 02 AMOM= AMOM +DM014 
I F  ( PREM-PRE S ) 80 2 9 8 0 2  T 80 1 

I F  ( A M A X - A I ~ ~ M ) 9 0 0 ~ 9 0 0 ~ 8 0 ~  
900 I F  ( x - 4 ~ 0 ) 9 0 ~ T ~ 0 1 T 9 0 1  
902 X=X+Z.OE-10 

GO T O  803 
8 2 0  FORMAT ( 7 E  10 -0  ) 
830 F O R M A T  ( 7 E 1 0 . 3 )  
901  S T O P  

E N D  

TABLE V I 1  (CONTINUED) 
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800 R E A D  820 ,AV2F!J y A V 2 F  Z,AV2FV,  A V 2 F J y  A V 2 F R v A V 2 F I  , A V 2 F X  
R E  AD 8 20, AV 1 2  J , A V 1 2 % ,  A V 1 2  I , A V  1141 , A V 1  Fbl A V  11 I,! A V 1 1 R  
R E A D  
R E  AD 
REA[) 8 2 O , R E L I A B , A A A A l , A A A A 2 , A A A A 3 , A A A A 4 , A A A A 5 , V E L A  
R E A D  
RE AD 
R E AD 8 20 A K V E L 
R E A D  8 2 0 9 A A A A 9  ~ A A A ~ O T X X X X ~  v A K E N G ,  VPRON 
R E A D  8209 S l t s 2 , 5 3 7  S4 ,XXXX2,  P P P P 9  
R E A D  
R E A D  820,S7,S8,S9,PPPP2,PPPP3,PPPP4,PPPP5 
R E A D  8 2 0 , P P P P 6 , P P P P 7 r F F F F l r F F F F 2 * F F F F F F 4 ( P P P P 8  

8 2 0 , A V l Y W  r A V l Y R q A V 1 Y  I 9 A V l X W  9 A V l X R v A V l  W W  r A V l W R  
8 20 AVI4AW 9 AVIMAR 9 TOR0 1 A AAA 8 p T R A A  9 E I N T  t WE I GHT 

820, A A A A 6  9 A I P A l ,  A I P A 2 ,  A I  PA3 ,A  I P A 4 , A P P P I  r V E L L  
820 9 AMObl , P K  E S  9 A A A A 7  7 TR A L FORC 9 F L O A  FLOW 

A Id U M 6 9 X i.10 C , X Iy D D 9 X M 0 B , X M D A 9 X 14 D E 

820 9 P P P P  1, ANG L 1, A N G L 2  , PUIi lS 1, P U M S 2  9 S 5  9 56  

R E A D  8209 s S s 2 ,  S S S 3 ,  SSSI  , R S P A l  , R S P A ~ , R S P A ~ T T O I L W  
R E A D  820,RRRRl,RRRR3,RRRR4rQa4gltQQQl,QQQQ2,QQQC!3,VNAFQ 
R E A D  820 VHSFO,  VFLRC, VPNUB, VHY SB, VWCST V D E V L  9 V P E N D  
R E A D  8 2 0 ~ V R E P R , V L I F P , V L I F A , V C Y C A , V O P E R T V T E S T , V T C S T  
A P R R N =  36 1 E -4* F 0 R C - . 0 1 6 7 
APRBJ= .0074~$FORC**0 .5  
A P R B Y  = A p R B J  

A P  RBR = .O 343 / APR B J 
A P R B I = A A A A 3 *  ( 1 2 5 * A P R B J + .  1 2 5  f 

A P R R I = (  1.5*APRBJ+o 2 5  ) *  ( 1 . 0 - A A A A 3 )  
R E L  I A B=RE L I A 8 +  0 2  56::APRR 1 +. 0041* ( 2.5* A P R B  J+ 2 5  + 0437 I A P R B  J 
APRHK=APRGJ 

O W E I G H T = W E I G H T + . O ~ O ~ * A P R B J * * ~ . O ~ ( ~ . ~ ~ * ( A P R B I + ~ P R R I  ) + A P R B J ) + . 7 6 1 *  
1 APRBJ**3  .O+APRBW * ( 1 0 - A A A A  3 +e090 3 * A P R H K * * 3  -00  

8 1 0 0 A P P P K =  ( 1. /9.464) * ( A P R H K + A A A k 8 *  . 0 0 1 5 9 * V E L L * : k 2  /APRHK+TRAL+.7  1 
l * A P P P 1 * * . 5 )  

I F  

GO T O  810 

( A B S F  ( A P P P K - A P P P I  )-.OOOO 1:kAPPPK 1 8 1  1 T 8 1 2  9 812  
812 A P P P I = ( A P P P K + A P P P I ) / 2 . 0  

8 11 I F  
817 APPPJ=(APPPK**2 .0- .675:~APRHK)**O.5  

8 13 A P P P  J=0.8 1 2  

8 14 A P P P  I = ( 1 . 2 7 3 * F O R C / P R  ES+APPPK**2 .0  1 *+O. 5 

( APPP K26*2.0-.675:%AP RH K ) 81 3, 8 13 T 8 17 

I F  ( APPP J - 0 . 8 1 2 1 8  1 3 , 8 1 4 1 8 1 4  

APP P K =  ( A P P P  J<:* 2.0 + 67 5 * A P R H  K ) 9 * O  5 

A P  P P Y = 3 05 ' x  A P P P I *'*O 5 
O A P P P X = A P R H K +  1 42 'kAPPP K** 5+. 5 3 6 * A P P P K +  0031 8 * V E L  L **2 /APRHK': 
l A A A A 8 + 2 e O * T R A L + o 3 0 5 + A P P P P  I * *005  

WEIGHT=WEIGHT+.  1 7 6 * A P P P Y * (  A P P P I z * 2 . O - A P P P K * * 2 . 0  I + .  1 4 6 * A P R H K * A P P P X  
C A L L  O S F R  ( o 9 7 * A P P P I  r O o l * P R E S , 2 , 2 , R I N G F R )  
C A L L  OSWE ( . 9 7 * A P P P I  , 2 9 R I  NGWT 

R E ~ I A B ~ R ~ L I A B + ~ 2 5 8 ~ A P ~ ~ K / A P ~ H K + . O O l 7 5 / A P R H K + ~ O O O l + R I N G F R  
C A L L  O S F R  ( A P P P I  , O m l * P R E S , 7 , 2 r R I N G F R )  
R E L I A B = R E L I A B + R I N G F R + . 8 0 9 * (  ( P R E S . / ( V E L L * F O R C )  ) * * 0 . 5 )  

WE IGHT=WE I G H T + R I  lqGWT+.887*RI  NGWT 

OWE I G H T  =WE I G H T + 1 . 5 0 5 € - 4 *  ( V E L L * * 2 . 0 / A P R H K ) * (  A P P P K * ( V E L L * F O R C  / P R E  S 1 
1**.5+.0289*VELL+FORC/PRES 1 

A C B B I  =ADPP I + (  4 . 6 5 E - 5  ) * A P P P  I * P R  E S  
A C B B Y = A C B B I  +(  1 3 . 0 6 E - 5 ) * A P P P I t P R E S  

O W E I G H T = W E I G H T + . 2 2 5 * ( ( T R A L + . O O 3 2 * A A A A 8 * V E L L * * 2 . / A P R H K + A P P P Y ~ * ~ A C B B I  

2 * P R E S + 2 4  1.5E-10* ( A P P P K * P R E S  1 **200 ) + (  7.7?E-5*APPPK*PRES 
1 * * 2 . 0 - A P P P I * * 2 . 0  + (  e 7 1 * A P P P K * * .  5+. 5 3 6 * A P P P K  I * (  3 1 . 0 8 E - 5 * A P P P K * * 2 . 0  

* (  A C B B I  ** 
32 .O-( AP P P  K+ 15 54 E-5*  APPP K*  P R E  S ) ** 2 0 )  +4 9 8 E - 5 * A  P P P  I *P R E  S* ( AC BBY *'$ 

4 2 o O - A C B B I * * Z o O )  ) + e 0 0 2 9 3  

TABLE VI11 
DECK NUMBLR 2 - ACTUATTQR 

C O & P U T ~  PROGRAM LISTING 
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C A L L  OSWE ( . 2 3 9 t Z , R I N G W T )  

W E I G H T = Ir! E I G H T + 2.0 * R I NG W T 
A C U U I = . 7 7 4 * A V 2 F I  
WE IGHT=WEIGHT+.  1 1 * A V Z F W  

C A L L  O S F R  ( 239 ( P R E S ,  2 t 2 , R I  NGFR 1 

O R E L I A B = R E L I A B + (  .019*( T R A L + (  . 0 0 3 1 8 * A A A P 8 * ( V E L L * * Z ~ O ) / A P R H I < + A P P P Y  1 
l * A P P P I * ( P R E S * * i .  5 1 )  / (  F O R C * V E L L )  ) +. 001+2 . O * R I N G F K + . 0 0 1 3 9 /  
2 ( A C U U I * * 0 . 5  

C A L L  OSWE ( A C U U I I ~ ~ R I N G W T )  
C A L L  O S F R  ( A C U U I  ,PRES,Z ,Z ,R INGFR)  
R E L  I A B = R E L I  A B + R I  ?.JGFR*2.O 

ACBSW=(  2 . 6 6 E - 1 4 ) * (  APPP I * P R E S )  **3.9 
AC B SR= 16 .08 / ( APP P I :::PR E S 1 
C A L L  OSME ( A C B B I , 2 , K I N G W T )  

WE I G HT =W E I GH T+ 2 0 'gR I NG 1.1 T 

C A L L  O S F R  ( A C B B I  , P R i S , 2 , 2 r R I N G F R )  
WE I G H T z W E  IGHT+RINGb.!T 
R E L  I A B = R E L  I A B + R I  ;sJGFP, 
C A L L  OSWE ( .94*APPPK,  1 , R I i J G I J T )  
C A L L  O S F K  ( . 9 4 * A P P P K , P R E S / 2 . 0 , 5 9  2 , R I h ! G F R )  
AC SOW =R I NGb! T 
AC SOR=R I N G F R  
AC SC !.I =. 7 5 8 * A C SO bI 
C A L L  O S F R  ( A P P P K , P K E S / 2 . 0 ,  3 ,  1 , R I N G F R )  
AC SCR=R I N G F R  
WE I G H T z W E  IGHT+3.39'8ACSCW+e 367+.0065 
R E L I A B=R E L I A B + 0 3 39':: A P P P I< 
C A L L  O S F R  
R E L I A B = R E L I  A B + . 7 3 0 + 2 . 0 2 ~ R I  NGFR 
C A L L  O S F R  ( . 1 4 5 , P R E S , 5 , 1 , R I N G F R )  

( 239 9 PRES,  61 1 r R I  t iGFR ) 

R E L  I A B = R E L I  A B + R I  NGFR 
AVO B W = A  A A A 44 ( A V 1 1 W + 3 0 +A V 1 Y 1.: +A V 1 bl W+ A V 1 X b! 1 
A V 0 3 R = A  AA A 4* ( AV 1 1 R + A  V 1 Y R + A  V 1 X R +A V 1 !.I i? ) 
WE I G I i T  =tl E I G H T +  2.0 * AV 1 F I.'+ A V 1 1 !J+ 2 . 0 * A  V 1 Y !.I+ A V 1 !<k!+ A V 1 XN + AV tvi AW + AP R Ob1 
R E L I A B= R E L I AB+ A V 1 1 R + 2.098 4 V 1 Y R +A  V 1 X R + A V 1 l.1 R+ A V 14 A R +A VD L l i  + AP R El-? 
AFCC I =O .O 
A B  F H  J =O .O 
PU NC H 
PUNCH 8 30 9 ACSOW 
PUNCH 
PUNCH 

8 30 , V E L A TO RQ 9 P R E S 9 A A A A 7 9 A A A A 8 'NE I GHT 9 R E L I A b 
AI;10?.l, A P P P  J 9 A P P P Y  

830  , APPP I ,FORC,AVDBW, A V D b R  7 A C B B  I ( A P P P K  , A V Z F J  
830 9 A V Z F I  7 A V l 2 I  pAV12.J 9 A V Z F X ,  A V l Y  I v A V 1 2 X  (TF!AL 

ACSCW 9 ACSOI i  9 ACSCR 

PU NC H 8 30 , V E L L , AP RH K , AP R B I.1, A VN A N , A P R B R , A P R B J , A VM A R t AC B S R 
PIJNCH 
PUNCH 8 3 0 , A A A A l v  A A A A 6 t A A A A 4 ,  A I  P A 4  

8 30 9 ACBSW , ACBBY 9 APRR I 9 API? B I, A PP P X  t A V 2  F B  t A V  1 XI.! 

P U N C H  8 30 , A K V  E L , ANU I i 5, X i4  DC , Xi4 D D , XI1 DB , XI.: D A XCiD E 
PU NC H 
P U NC H 
PU NC H 
P U N C H  
PUNC H 
P U N C H  83O,S7 ,S8 ,S9 ,PPPP2,  P P P P 3 , P P P P 4 ,  P P P P S  
PUIJCH 8 3 0 , P P P P 6 , P P P P 7 , F F F F l , F F F F 2 , F F 3 1 F F F F 4 ( ? P P P 8  
PUNCH 
PUNCH 
P U N C H  
PU NC H 

8 30  7 A A A A 2 
8 30 9 A I P A 3 9 F LO W 7 E I I\! T 7 F L 0 A 
8 3 0 9 A A A A 9  9 A A A 10 9 A !3 F H  J 7 A F C C I t A I< E I,! G 9 X X X X 1 , V P RON 
8 3 0 , S l r  S 2 9  S3,  S 4 9 X X X X 2 9  P P P P 9  
830 , PPPP 1, ANG L 1 7 P.NGL 2 9 P u l i s  1 7 PUGS2 7 S 5 9 S O  

A A A A 3 9 A A A A 5 9 A A A A 7 7 A A A A 8 7 A I P A  1 9 A I PA 2 
A V 2  F J 7 A P R B J 7 T 0 R O  

830, SSSZ,  S S S 3 ,  S S S I  ( R S P A l  , I I S P A 2 ,  R S P A 3 , T O I L k l  
8 3 0 , R R R R l  T R R R R 3 t R R R R 4 ,  QQQQl t Q O O C I 2  9QQQQ3 ( V N A F Q  
8 30 , V H S F O  9 VF L R C  VKCS T 9 V D E V L  C V  PEND 
El 30 9 VRE P I? , V L  I F P  7 V L  I F A  VO PE f? 9 VT E S T  9 V T C S  T 

VPNUB 9 V H Y S B  
VCY C A 

GO T O  800 
820  FORFlAT ( 7 E 1 0 . 0 )  
830 F O R P A T  ( 7 E 1 0 . 3 )  

TABLE VI11 (CONTINUED) 
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800  R E A D  8 2 0  ,VELA,  TORQ , P R E S t A A A A 7 9 A A A A B q  W E I G H T Y R E L  I A B  
R E  AI? 8 20 9 AC Sold AC SCb! ACSOR , ACS CR , A t4OF.1, A P P  P J  A P P P Y  
R E A D  820 9 A P P P  I r F O R C t  AVDBW, A V P B R , A C B E I  ( A P P P K  Y A V Z F J  . 
R E A D  8 20 9 A V 2 F  I t A V 1 2 1 ,  A V 1 2  J 9 A V 2  F X  9 A V l Y  I 7 A V l 2 X  9 T R A L  
RE AD 8 2 0 V E L L 9 AP R t i  K 9 A P  R B\.I A V i.i A !*I A PR B R 7 A P R B J A VIVI A R A C B S R 
R E A D  8207 ACBSb!, ACBBY A P 9 R I  7 A P R B I  ,APPPX y A V 2 F B  vAV1XI.J 
READ 8 2 0 , A A A A l , A A A A b , A A A A 4 , A I P A 4  

R E A D  8 2 O , A A A A 2 , A A A A 3 , A A A A 5 , A A A A 7 , A A A A 8 , A I P A l , A I P A Z  
R E  AD 
XEAD 8 2 0 , A A A A 9 , A A A 1 0 , A S F I i J r A F C C I ~ A K E N G ~ X X X X 1 ~ V P R O N  
I i E A D  8207Sl,S29S3,S4,XXXX29PPPP9 
RE AD 
R E A D  
R E A D  ~ ~ O , P P P P ~ , P P P P ~ , F F F F ~ T F F F F ~ , F F F F ~ , F F F F ~ ~ P P P P ~  
R E A D  
R E A D  8 2 0 , R R R R l , R R R R 3 , R R R R 4 9 Q Q Q Q l , Q Q Q Q 3 , V N A F Q  
R E  AD 8 20 VH S F  0 VF L R  C VP NU B VHY S B V 'rlC S T 9 VD E V L  9 V P E tdD 
READ 820 ,VRE Pt? c 'JL I F P  V L I  F A  9 VCYCA,  VOPEP, , V T E S T  9 V T C S T  
A 9 F A I = ( 5 34 + 9 2 18 E-4*  P R E S 
ABFAX=1.33'x(VELA: 'TOKQ )*+O. 5 / (  PRES:$*. 7 5 )  
A 
C A L L  O S F  R 
R E L  I A B= RE L I A E + ( 9.0 4:x A t3 FA I ::: PR E S / ( V E L  A::: T 0 RQ ) + R I N  G F, R * A  A A A 7  
C A L L  O S F R  ( A B F A I  ~ P R E S I ~ , ~ ~ R I N G F R )  
R E L I A U = R E  L I  A B + R I N G F R * A A A A 7  

R E  L I A !3=RE L I A B+R I i4GFR:'AAAA 7+. 00 39:: A AAA 8 
AE P B I = .66 2::A B F  A I 
AB P 6 X =  . 8 9 8 * A B F A X  
A 9  P BW = .2 365 brABF AW 

AB P BR = 3.5 4:XA BP 3 I :::P R E S / ( V E L A* TOR Q +R I N G F  R 

R E  AD 8 20 AKVE L , Ai\!Ui40, XbVI)C, XI4DD. XMD B, Xb:DA XbiC E 

8 20, A I P A  3 9 F L O  I.J 7 E I NT 7 F L CIA 7 A V 2  F J A P R t3 J T 0 RQ 

8 20 9 P P P P 1 9 ANG L 1 , A NG L 2 
8209 S 7 p S 8 9  S9 ,PPPPZ,PPPP3,  P P P P 4 ,  P P P P 5  

P U 14 S 1 9 PU I1 S 2 7 S 5 9 S 6 

8 2 0 9 S S S 2 ,  S S S 3 ,  SSSI  T R S P A 1  , R S P A Z , R S P A 3 r T O I L M  

* ( V E L A+ T 0 R Q / ( P R E S :: ',' 1 5 x' *O - 5  

F AN =5 .7 E -5 ::: ( V E L A:: TO RO ) :$ :: 1 .5 / ( Pi.;. E S * X: 1 .2 5 ) 
( A B F  A I  , 40 e@ 9 2 9 2 9 R I PJGFR 

C A L L  O S F R  ( . 3 4 6 * A B F A I  943.012, 2 , R I N G F R )  

C A L L  O S F R  ( A B P B I , P R E S , Z , Z r R I N G F R )  

C A L L  O S F R  ( . 5 3 * A B P B I  ,PRES,Z ,Z ,R INGFR)  
AB P BR=A B P  BR +R I N G F  R 
C A L L  O S F R  ( A B P B I  9 1.5*PRES 9 5 9  2 ,R I N G F R )  
ABPBR=ABPBR+R I N G F R  
A S E D I  = . 8 9 * ( V E L A * T O R Q  I**@. 5/PRES** .  75 

WE I G H T  =WE I G H T + .  222* ( A B B D I  ** 3.0 
ABB D X =  1 6 7 * A  B B D  I 

C A L L  OSWE ( A B B D I  r 2 , R I N G W T )  
C A L L  O S F R  ( A B B D I , P R E S q Z , Z , R I N G F R )  
WE I G H T = W E I G H T + R I N G W T  
R E L  I AB=RE L I  AB+R I N G F R + . 0 3 7 5 / A B B D  I 
C A L L  OSWE ( 1.13;:ABBDI,Z,RINGWT) 
C A L L  O S F R  (1 .13*ABBDI ,40 .@,2 ,2 ,RINGFR)  
N E  I G H T  =WE IGHT+RINGWT+.0000697*PRES:~AE8D1**3  .O+ .0887+ACSOW+ACSCW 
R E L  I A B Z R E L I  A B + R I  b lGFR+30.6 /  ( A B B D I * P R E S  1 +. OZOZ+ACSOR+ACSCR 
AB F HW= ( 5 rn 0 6 E  -7 1 * ( ( V E LA* TOR Q ) ** 1 5 / ( PRES*;? 0 5 
A p  FH J = .2 1 8  5 * ( v E L A *  TO RQ / P R E S 1 * * O  .5 
AB F H I =A BF H J + ( 7 .5 E- 6 ) 3 ( P R E S*V EL A* T OR Q ) ** 0 .5 
A B  FEW =. OC 75;kVE L A *  TORQ/PR E S  
WE I G H T  =W I! IGHT+.OOZB*ABFH J** 3.0 
C A L L  OSWE ( . 6 2 5 * A B F H J , Z , R I N G W T )  
C A L L  O S F R  ( - .625*ABFHJ ,  20 .0 ,2 ,2 *R  I N G F R )  
R E L I A B = R E L I A B + R I N G F R  
W E I G H T = W E I G H T + R I N G W T  

TABLE IX 
DECK 3 -ACTUATOR 

COMPUTER PROCRAM LISTING 
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C A L L  OSI IE  I . ~ ~ ' : A B F H I T ~ T ~ I ~ ~ G ~ , ! T )  
C A L L  U S F R  ( .97 ' :ABFHI  T P R E S T  59 1 , R I I d G F K )  
R E L  I A U = R E  L 1  AP+RII.;GFQ 
1.1 E I G tHT = W E I G H T + R I NG i.1 T 
A V D Aid = A A A A 4* 2 .8 ;: A B P B \-I 
AVD AR= AAAA4:: k 5 P  BR 
A V D A I  =AAAA4::ABPBI 
AVD AX = A A AA 4:: A R P B X 
A S F A I  = A B F A I * A A A A 7  
AB F AX = A 6 F AX :: A A A A 7 
A 3  FAW =ABFA>!%AAAA7 
A B P i 3 I = A B P B I * A A A A 8  
A B P B X = A B P S X * A A A k 8  
AB P B\*J = A B P  Bbl % A A A A 8 
A Q P B R = A B P  B R * A A A A 8  
A9 H E X  = 1 3:: A BF H I + 1 7 0 %  A BB D I  ': ( 1 0 + 2 05 E-4:: P R E S  ) 

0 A 3 H ti\*/ = 0 . 0 0 0 00 + . 0 8 6 4* A B F H 1 %% 3. * ( 1 .3 0 ( ( 2.0 E - 4 
1 ::* 2.0 ) + .2 19 5 ) + A B  B 
22  e o + .  0 6 3 5 + A B F  A X * A B F A I  **2,0* ( .02365+ ( . 5 6 1  E - 4  
3 :::: 2 1 + e 0 H 6 4* I A C B B I ;:* 2 e 0 + I ( 1 60 8 E - 4  1 z' P R E S + I 64 7 E-8 1 :' P R E  S * * 2.0 
4 A f i  HEX + ( AC B B  I <:* 2.0 - A p  p p K?;* 2.0 ) $6 ( A B H  U X- 1.3:: A 

:; P R E S + 

"PRES+ I - 7  1 8 E - 8  

1 0 E -8 :'f P RE S 
I :k:k 3.0 * . 4 7 70 + ( 4 44 E - 4  ) :k P R E S + ( 4.4 7 E -ti ) Q P RE S 4 Q 

':PRES * 
F t i  I 

AVB P I = 1.115;:fiV 2F J 
C A L L  O S W E ( A V K P 1  r Z , R I % W T l  
C A L L  O S F K ( A V G P I , P R E S T ~ T ~ , R I N G F R )  
W E I G H T  =WE I G H T + . 0 3 24:: A V 2  F J ** 2.5 +R 1 hl GW T +  . 00 72 7:;A P P P K 
RE L I A B  =RE L I A B + . 0 0 19 6 % A V 2 F J +:k 0 5 + R 1 N G F R+ . 0 1 5 
A V r j B Z = A A A A 2  

OAVB B X = A v  B B 2 %  
l P R E  S 1 + 5 8 . 3 * A v  1 2  J 

l** 2.0 ) - . 0 5 2 7 * A V  1 Y  1 ) + (  AVZF I *% 2 .o )%AV2FX:: ( .0231+ ( 5 3 9 E - 4  1 *PRE S+ 
2 ( . 6 4 6 E  -8 
3 I 7 9 7 E - 8  ) *P R E  Sa% 2.0 ) - ,078 7% AVDA I ) + A V 1 2  1 % A V 1 2  J :* ( P RES %'::O 5 
4:: ( P RE S**O 5 

A V Z F  I * ( 1 e o + (  3 - 0  1 E-4)::PR E S )  + A \ / 1 2  1:: ( 1  .O+ ( 2 . 6 6 5 E  -4 * 
O A V B B W = ~ .  1* I AVZFX?;AVlY I%( A v ~ F I ~ (  . 0 7 5 3 + (  . 4 4 2 E - 4 ) + P K E S +  ( . 6 4 9 E - 0  ) * P R E S  

*P R E  53:; 2 0 ) +AVDAX:kAVDA 1:: I A V 2  F 1:;: ( .119+ ( 62  3 E - 4  *P RE S+ 
+ 1 AV 1 2  J * ( 107 + ( 28 5 6 E-4 1 * PR E S 1 0 83 51' A'/ 1 2 I 

OAV3DW = A V B C \ I +  1.1;: ( .OB 6 1 + A V 2  F X S  
1 AV 2 F  J:%S 2.0 +AV 8 B 2 ~ k  AP P P  K** 2.0: :~ ( A V 2  F 1:: 1 .03 98+ ( . 1 Z  E - 4  ) X:P RE S ) + AV 12  I * 
2 ( . O 3 9 8 + (  1 0 6 E - 4 ) * P R E S ) + Z .  32 : :AV12J+.OO602%APPPK 
OREL I A B = R E L I A B + (  1 . 4 E - 5 ) % P R E S / A V l Z X + . o 2 3 4 /  I AVBBLJ:t+O e333  ) + A I P A 4 *  I 
1 . 0 9 6 8 + A I P A l * .  2 5 0 + A I P A 2 * . 2 5 0 + A I  PA3:::. 150)+.11~:ABFEW+.0136/ABFHJ+ 
2 . 0 0 0 1 1 3 5 * V E L A a T O R Q / ( P R E S : ~ A ~ F H ~ l ) + . 2 0 8 / ( ~ B H B ~ ~ % ' ~ ~ 3 3 3 )  

A I P f, W = . 0 8 7 6 * TR A L e  A I P A 4 
A I P B R = A I P A 4 * T R A L * (  . 2 1 2 + A I  PA1'%.338+AIPA2*.338+AIPA3*.274)  
A F C C X = A A A A 5 *  I .00318% ( VELL:?*Z. ) / A P R H K * A A A A 8 + T R A L + 6 2 .  %AV 12J 1 
AFCC I = A A A A 5 * 2 7 * 0 > k A V 1 2 J  
R E L I A B= R E L I A B  + 0 0 19 6 / AV 1 2 J::: A A A A 5 
AFC HX = AA AA5  ( 2.0 * AF C CX - 6 2.0:: A V  1 2 J 1 

OR E L  I AB=RE L I A B +  0 38 5*AFCC 1 *A FCHX+. 0301% AAAAS*A I PBK+AAAA5 '#  ( e 00 132/  ( 
1 l .OE-20+AFCCP))+AAAA5=.07+.33+APRBR+.33+APRBR+.O487*APRBJ+.O~743+.15 '~AV~AR 
c ALL 0 SWE 
C A L L  O S F R  ( 2 6 . 0 ~ ~ A V 1 2 J ~ 0 . 0 ~  6, ~ T R I I ' I G F R )  

26 0 %  A V 1 2 J  9 1 7 R I NGWT 1 

R E L  I AB=RE L I AB+R I NGFR 
OATB BW=3.1E-5*FORC% ( T R A L + . 0 0 3 1 8 * A A A A 8 ~ k V E L L 9 c 2 . / A P R H K + A V B B X * A V B B 2  j 
I.+. 2+ .0907*APRHJ**2 .0 * (  5 .41*APRBJ+.  735 

R E L  I AB=RE L I AB+. 1245  / ( ATBDW+*. 333 + 14.O*ACBS R 
OWE I GHT=WE I G H  T +  247 5* A FCH X* A FCC 1 * *2  O+ 2 684 AAAA 5 :'A I P B  W + 7 0 4 % A F  CC I 

2 14 .O%AC BSW+73e  5 + A F C C X * A V 1 2 J * + 2 . 0  
C A L L  OSWE ( A C B B Y  T ~ T R I N G \ , ' T )  
C A L L  O S F R  ( A C B B Y , O . O T ~ T ~ T R I N G F R )  

1 **3 . O+ A A A A 5  % . 000 2+. 0 4 7 8  + 2.0* A PR B W +  .492* A VM A W+ R I N GW T + .25 2% A I P A 4 +  

TABLE: M (COhTINULD) 



R E L  I A B = R E L I A B + R I N G F R + (  AVDBR+AVDAR) :kAAAA6 
O A L L L X = ( A P R R I + A P R B I ) / 2 . 0 + 1 . 8 3 6 : t A P R 3 J + A P R H K + A P P P X + ( T ~ ~ L / Z . O ) + A F C C X  
1 + 0 0 15 9 I 'VE L L *:k 2 0 / A P RH K:: A A A A 8 

A C T  Qi.1 =F LOW + 14.22% A V 2 F  J *:: 3.0 
ACT QL = ( AV 2F E+ 14 2:: A V 2 F J::::: 3 0 1 ' z  2 0 

OblE I G H T = \ ! E  I G H T  
1 + 14 * AC Li S W +A C SOW +A C S C W + A 6 F A!4+ 2.0 * A B P R I.:+ A B F H W+ k I5 F E L.i + AV D A;/+ AV B G I.: 
2 +A I P 3LI + A T B 3 W +A 3 H  3w + A V D 6 W+P, I ;\I G W T + ( A VD'I  !.!+ A V D A 1.1 &'A k A A 6 
O R E L I A B = R E L I A B  
1 + 1 Lt 't AC B S R +A C SO I? + A C S C R + A B P B R::: 2 0 + A  VD A R + A I P b R 

72 2 PU NC H 8 30, P K E  S , A140 1.1, I.I E I GH T , R EL I A 6, A L L L X , A C T  Qi-1, ACT QL 
PUNCH 8 3 0 , T R A L ,  VELL ,APRHK,  F O R C , A P P P I , A C B B I  V A P P P Y  

PUNCH 8 30 AKVE L , AIJUPIB , X?4OC, XYIDD, XIHDG, XI4DA 9 Xi4D E 
PUNCH 8 3 0 , A P P P X , A P P P K , A P P P J , A V B B X , A A A A l , A A A A 6 , A A A A 4  

P U N C H  830 9 A A A A 2 ,  AAAA3,  A A A A S r  A A A A 7 r  AAAAG ,A I P A 1  ,A I P A 2  
P U N C H  8 30 9 A I  P A 3  9 F L0I:I 
PUPJC H 830 9 A A A A Y  9 A A A  10 7 ABFH J 9 AFCC I , A K  E k G  
PUNCH 8 3 0 , S l , S 2 , S 3 * . 5 4 T X X X X 2 , p P P P P 9  
PUNCH 8 3 0 , P P P P l , A N G L l , A N G L 2 ~ P U ~ I S l ,  PU:!SZ,S5,S6 
PUl i iCH 830,S7,S8,S9,PPPP2,PPPP3,PPPP4,  P P P P 5  
PUNCH 830,PPPP6,PPPP7,FFFFl ,FFFF2,FFFF3,FFFF4,PPPP8 
P U N C H  8 3 O , S S S 2 ,  S S S 3 , S S S I  , R S P A l , R S P A 2 , R S P A 3 r T O I L W  
PU NC H 8 30 9 RRP,R 1 9 RR RR 3 T R RRR 4 Q Q  Q 0 2  7 QQ Q Q3 9 V i\lA F Q 
P U IJC H 8 30 9 V H  S FO 9 VF LR C , V P  I! I J B  9 V H Y S B 9 VINC S T T VD E V L 9 V P E IJD 
PUPICH 8 3 0 , V R E P K , V L I F P , V L I F A , V C Y C A , V O P E R , V T E S T , V T C S T  

E I ?\!T 9 F L O A  A V 2  F J A P RB J T T O R Q  
X X X X  1 9 VPRON 

QQQ Q 1 

GO T O  800 
820 FORMAT (7E10.0) 
830 FORMAT ( 7 E  10.3) 
803 S T O P  

E t\l D 
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I i I i 4 t i . ; S I O ; ~ I  T l (  1.2) 
I)I i. iEi. iSIOi:I T Z (  1 2 )  
K i C f i  8 2 0  t T 1 ( 1) T 1 (  2 
:<E A 9  820 T l ( 8  
I l E A D  820  
K E A [ )  
I F  ( S f > J S E  S k J I T C H  1)205(7tt?00 

T 1 (  3,) 
t T 1 (  9 1 t T 1 (  10 ) 9 T 1 ( 11 

T 1 (  4 )  t T 1 (  5 )  t T 1 (  6 1 t T l ( 7  
t T 1 ( 12 

T 2 ( 1 1 t T 2  ( 2 ) t T 2  ( 3 t T 2  ( 4 )  t T 2  ( 5 1 t T 2  ( 6 t T 2  ( 7 ) 
1 1 2 0 ~  T 2 ( 8  1 t T 2 ( ? )  t T 2 (  10 1 7  T 2 (  11 1 t T 2 1 J . 2 )  

2 0 5 0  P ? I i d T  2000 
P R I N T  2001 
P R I Y T  2003 
PRIF\!T 2002 
P R I N T  2004 

2 0 0 0  FORf4kT ( 4 7 H  OUTPIJT FROW PROGRAi.1 1 ACTUATOR-TRUSS 1 
70!)1 F!IR/L;AT ( 3 9 H  S Y S T E M  i43liEi'JT A C T U A T O R  A C T U A T O R )  
2 G 0 3  FORi4AT ( 4 0 H  P R E S S U R E  ARki W E I G H T  F A I L  R A T E )  
7 0 0 2  F ' ) R i l A T  ( 4 0 X t 1 5 H  T R U S S  T i ? U S S )  

- 2 0 0 4  FOR;.IAT ( 4 0 X t 1 9 H  N E I G H T  F A I L  R A T E )  
E 00 K E AD 8 2 0 P 3 E S A No 14 A C T41T A C TR B A L L L X A C 1 Qf4 t A C T  Q L 

R Z A D  6 2 0 t T R A L t V E L L t A P R H K t F O R C t A P P ? I t A C B ~ I ~ A P P P Y  
R E A D  ~ Z O ~ A P P P X ~ A P P P K ~ A P P P J ~ A V ~ E X ~ A A A A ~ T A A A A ~ T A A A A ~  
RE AD i? 20 
R E AD 8 2@ 
RE AD 8 20 
R E A D  8 2 0 , A A A A 9 t A A A 1 ~ t A B F ~ J t A F C C I t A K E N G t X X X X l ~ V P R O N  
READ 8 2 0 t S l t  S 2 t  S 3 t S 4 t X X X X 2 t  P P P P 9  
K E AD 8 2 0 P P P P 1 A i\JG L 1 ANG L 2 P U  M S 1 P Ut4 S 2 t S 5 t S 6 
R E A D  620 t 57 t 58 t S 9  t P P P P 2  t P P P P 3 t  P P P P 4 t  P P P P 5  
R E A D  8 2 0 t P P P P b t P P P P 7 T  F F F F 1 ,  F F F F 2 ,  F F F F 3 t  F F F F 4  t P P P P 8  
READ 820  
R E A 9  620  t KRRR 1, R R R R 3 t  RRRR't t  g Q Q Q l t Q Q Q Q 2  t QQQQ3 t V N A F Q  
R E A D  E ~ O ~ V H S F O ~ V F L R C ~ V P ~ ! U B ~ V H Y S B , V W C S T I V D E V L  ,VPEND 
k E A D  ~ ~ ~ ~ V R E P R ~ V L I F P ~ V L I F A , V C Y C A ~ V O P E R ~ V T E S T ~ V T C S T  
I F  ( A I P , A l + A I P A Z + A I P A 3 )  8 7 4 ~ 8 7 4 , 8 7 5  

874  A IPb .4=0 .O 
GO T O  876 

875 A I P A 4 = 1 . 0  

AKV E L 9 Al\iUbl B t X VDC t XMDD t XMDB t XMDA 9 XND E 
A A AA 2 9 AA A,\ 3 9 AA A A 5 7 AA A A 7 9 A AA A 8 t A I PA 1 t A I P A  2 
A I P A 3 t F L O  I! E I F\I T t F L 0 A t A V 2 F J t A P R E J T OK Q 

S S S 2  t S S S 3 t  S S S I  t R  S P A  1 t K S P A 2  t R S P A 3  9 T O  I L  W 

876 ACTWT=.513*ACTWT+2.5 
A V 2 F  B = A C T O L / 2 .  0 - 1 4 . 2 * A V 2  FJ*+3.0 
V E L A =V E L L / AIv\ 0 I 4  

AC YC L = 2  1 .OE +8 / ( P RE S*TK A L  1 
A V Z F  1 = A V 2 F  J/. 309 

A L  I F E = 2 . 5 3 3 * A V 2 F  l *T f jRQ:%VELA/ (  PRES*AV2FB+:X2.0)  
AC T 0 A= A C T Ql4 + 7 *F LO !*J * ( 1 0 -A A A A 7 

O A K  I NT = 1.0 / ( 27 5 *  ( TR A L+ . 0 0  3 18S V E L  L** 2.0/ APRHK 
1 A P P P I ~ * 2 ~ G ~ ~ A ~ B B I + A P P P I ~ * ~ T R A L + A P P P Y + ~ O O 3 1 8 * V E L L ~ * 2 ~ O / A P R H K ~ / ~ l 4 ~ 8  

/ ( 2 4 E  +5 *FORC / P  RE S 1 + 

2 E +7* ( F q R C  /p  RE S ) :::: 2.0 :E ( A t  B B 1 - A  P P P  I ) ) + ( T R A L  +A P P P Y  + -00 3 18 * V E L  L * * Z .  0 / 
3 A P R H K ) / (  3.14::( ACBa1::::2.0-APPPY**2,0)*29.E+6) 

1 ) / ( 2 2 . 8 E + b ~ ( A P P P K * ~ 2 . O - A p P p J ~ * 2 . O ) ) + ~ A V B B X + T R A L ) /  ( 2 . 3 7 E + 3 * F O R C )  ) 
O A K S S S = ~ ~ . ~ - A A A A ~ ) ~ ( ~ . O - A A A A ~ ~ ~ ~ . O / ~ ~ . ~ / A K E X T + A V ~ F J / ~ ~ ~ ~ ~ * A K V E L *  

2 ( 1 .O/AKEXT+ l . O / A K I  N T  +la 0 E-9  

OAI( E X T = 1  .O/ ( ( APPPX-TRAL-.  7 l s A P P P K + * O .  5 - , 0 0 1 5 9 * V E L L * * 2  .O/APRHK-APPPY 

1 ( F O R C  /PRES)**2.0*PRES':~ 'O 5 1 + (  A A A A l  1 * ( 1 .O-AAAA4)+  ( 1 0 0 - A A A A 6  )*l .O/ 

F L O K = F L O W * (  3000. /PRES)* *O.  5 
I F  ( F L O R - 2 . 0 )  8 7 1 , 8 7 1 ~ 8 7 2  

GO T O  873 
871  AAA15=O.O 

872 A A A 1 5 = 1 . 0  
T A B U  x 

. DECK NUMBER 4 - ACTUATQR(& TRUSS 
COklPUTEII PROGRAM LISTING 
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873 OABC ST =5 20* ( 7 1 8 2 * A P P P  K-9 77:: A PPPK**  2.0+2 e 0 1  4 * A  PPPK**3  .O+APPP I **3. 
1 * ( . 8 7 5 7 5 8 - 2 0 0 . 9 0 6 8 / P R E S - 7 9 7 1 1 ~ 0 7 / P R E S * * 2 ~ ~ + 6 6 6 2 8 2 3 2 ~ / P R E S * * 2 ~ 0 ~  
2 1 I 7 4 3 4  89 / P  RE S +  10 5 5580 1- 0 3422 32 5 6* PRES+ 1 0 76  1 8 9 6 E  -5 *PRE S** 2 0 1 
3:'F( 1.0+.0188':TRAL)+864.07+( 556.78+2.293*FLOR-4.875E+l4/(FLOR* 
4 * 2 5 9 7 4 + 1 3 3 . 3 ) * * : 5 . 5 6 2 9  ) : 'AAAlS 
0 ABC ST = A B C S  T +  ( 5 1 4 1 + 0008 176': PR E S +  00 646* P R E S  * A  P P P  1-2 0 285 E-5  * AP P P  I 
1': * 2 0':P RE S- 6 9 27* AP P P I + 1 1 7 1 1 >k A P P P I>%<: 2.0 ) + AA A A 8 +A I P A+* ( 26 1 30 + 
2 2 7 . 3 0 : s A I P A 3 + 3 5 o  lo*(  A I P A l + A I  P A 2 1  + 3 1 * 2 0 * T R A L *  ( A  I P A l + A I P A 2 + A I P A 3  1 
3 + (  100.O*AFCCI*1e00+250.0)* (  l . O + . 0 1 8 8 * T R A L ) *  ( A A A A 2 + . 3 3 3 * A A A A 6  1 
OARC S T = A B C S T +  ( 167 49+. 38 22*FLOR- .  8 1 2 5  E+ 141 ( F L O R *  . 2 5 9 7 4 + 1 3 3  3 1 
15 e 5 6 2 9  I * (  A A A A ~ + A A A A ~ + O . ~ : ' F ; A A A A ~ )  
OATC S T = 9 1 O . O + l O . O ~ ~ A A A A 8 + A I  PA4::( 25.0+( A I P A l + A I P A 2 + A I P A 3 - 1 . 0  ):;5 .O 1 + 
1 A A A A Z *  1O.O+AAAA7* 20 .O+AAAA6:: 20.0 
OADC S T =  ( 138000. +1. E + 4 * A A A A 8 + 8 0 0 0  .'>AI P A 4 + 2  E + 4 * A A A A 2 + 1 4 0 0 0  . *AAAA7 
l + l . E + 4 * A A A A 6 + 1 .  E + 4 * (  A A A A l + A A A A 4 ) + 1 8 . 0 : X A B C S T  ) * A A A A 9 + A A A 1 0 * 1 5 4 0 0 0 .  

AUC S T = A B C S T + A T C S T  
ACVOL=l .2~ :TRAL*FORC/PRES+ABFHJ**3*0*2 .2  
ACT 114 = TR A L  / V  E L L 
X A L F P z A T A N F  ( ( A M O i + X ~ l D C )  / (  X M D D - A L L L X )  ) 
X B E T P = A T A k F  ( ( A L L L X - X M D A )  / (  ACIOM-XbIDB) ) 
X P H  I P =1 5 7 - X B E  T P  
XS I G P = 3 . 1 4 - X A L F P - X P H I P  
X T H E P = A T A N F (  ( X M O E * C O S ( X B E T P )  ) / ( 2 . O g ( A M O ~ , ~ - X M D a )  1 )  
X N T L X = ( X M D D - A L L L X ) / C O S ( X A L F P )  
X M T U X =X I4D E / ( 2 0 * S I N ( X T H  E P 1 
X M T U F = F O R C + S I N ( X A L F P ) / ( Z . O * S I N (  X S I G P ) * C O S (  X T H E P )  1 

I F  
X M T L F  =FORC* S I N ( X P H  I P 1 / S I  N ( X S  I GP 

( A B S F  ( XMT L X  - A B S F  ( Xf4TUX 1 850 r 8 5 0  v 85 1 
850  XMTPX=XMTUX 

GO T O  8 5 2  
8 5 1 X M T P X =XI4 T L X 
852 X M R A X = X M T P X / 6 4 . 3 4  

853 XMTPF=XMTUF 

854 X M T P F = X M T L F  

I F  ( A B S F ( X M T L F ) - A B S F [ X M T U F )  )85398539854  

GO T O  855 

8 5 5 X T  H I X =XI*! T P F / ( 2 16 3 5 2 2: X HR A X 1 
!JE I G HT = 1 7 77 *X MR AX *X TH I X': ( XM T L X+ 2 Oar XI'ITU X 1 
R E L I A t3= 3 0 * ( . 0 0 00 5 / X  T H  I X + 0 00 2 5/ XI4 R A X 
WE I G HT =W E 1 G H T +6 .3 38 * AP R B J $6:: 3.0 + .3 6 6* A P R B J:: * 2.0 
R E  L i A a= R E L I A B  + . 0 1 48 9 50 / A  PR 5 J + . 10 
XRUIJT=WE I G H T  

X R U R B = R E L I A B  
RELIAB=O.O 
XRHO P= A T  AN F ( ( AMO M-x MDC 1 / ( XI-IDD-A LL L X- 1.0 1 
X D E L P = A T A i g F (  ( A M O M - X i q D B ) / (  A L L L X - X M D A + l . O )  1 
X Z E T P = A T A t \ I F (  ( X M D E : : ( S I N ( X D E L P ) ) I / ( 2 . 0 s ( A F I G M - X ~ ~ D 3 ) ) )  
X K T L X = ( A ~ , O M - X ~ . i D C )  / (  S I I d ( X R H 0 P )  1 
X K T U X = X K D E / ( Z . a * ( S I N ( X Z E T P )  1 )  

WE I G H T = O o O  

OX:.ITE S=09 11 E +7*X I4RAx; rxTH I X* ( ( COS ( XRHCJP ) ) * ( A U S F  ( Xb lTL X - X K T L X  /XMT L X  
l + Z . o * ( C O S ( X Z E T P )  ) ; : (COS(XDELP)  ) * ( A B S F (  X K T U X - X h T U X )  ) / X I * l T U X )  

AK SY-S=l. 0 / ( 1.0 /XElTES+ l .O /AK I N T +  l . O / A K E X T  1 
AST ST=  1.0/ ( 1 .O / A K S S  S+ 1.0 / XMT ES 1 :: ( 1 . 0 - A A A A 6  1 
A N  A F  Q = API0E.I * ( A K SY S / E I N T 1 **' 0 5 
AC T W T = A C T  W T + AC VO L f T 0 I L Le! 
X RUW 1 =X RU W T 
XRU R 1 =X RUR B 
V F A C  l = X M T E  S* ( 1 VNAFQ/ANAFQ) ;g*Z.  0 )  /AKSYS%k ( V N A F Q / A N A F Q  )**2.0+1.0 



2 02  

2 0 1  
2 0 4  

2 03 

2 00 

9 0 2  
9 0 1  

I F  (VFAC1-1.0 ) 2 0 1 , 2 0 2 9 2 0 2  
VFAC 2 = 1  0 
VFAC3=O 00 
GO T O  200  

VFACZ=VFACl 
VFAC3 = 1.0 
GO TO 200 
VFAC 2= 1 . 0 
VF AC3=2 .O 
GO TO 2 0 0  

XRU WT =VFAC+*XRUW T 
X RUR B=V FAC4*X R UR B 

I F  ( X T H I X - T ~ ( N ) )  901,901,902 
CONT INUE 
X C O N l = T 2 ( N )  

I F  (VFAC 1 - 0 3 3 3 1  203 ,2049204  

VFAC4=1.O/VFAC2 

DO 902 N=1,11,1 

OXRU SU= ( .8992* ( Z.O*XMRAX+XTH I XI :#*  1 0 9 8 8 5 +  e482 ) * ( XMTLX+2.0*XMTUX 1 * ( 
1xc ON 1 ) + ( 37. ~ ~ * A P P P  J** 1.5962+78.0 1 *4.D 

XRUSD=(900.+12.50* (XMTLX+2.O*XMTUX)  + lOe*XRUSU)*XXXXl  

I F  (SENSE SWITCH 1) 7 2 2 , 7 2 3  
AOT It4 =AAAA9*6 2.O+AAA 1 0 * 2  1.0 

7 2 2  PRINT 830rPRESy AMOM, ACTWT, ACTRB,  XRUWT, XRlJRB 
723 PUNCH 8 3 0 , S l r S 2 1 S 3 9 S 4 1  XXXX29 PPPP99AAAlO 

P U NC H 
PUNCH ~ ~ O , S ~ , S ~ , S ~ T P P P P ~ , P P P P ~ ,  PPPP4rPPPP5 
PUNCH 830tPPPP6,PPPP7,FFFFl,FFFF2,FFFF3,FFFF4,PPPP8 
PUNCH 830 ,  S S S 2 ,  SSS3t SSSI ~ R S P A ~ Z R S P A ~ ~ R S P A ~ , T O I L W  
PUNCH 8 3 0  r R R R R l  ,RRRR3,RRRR4,OOQQl, QQ002 vQQQQ3 tVNAFO 
PUNCH ~ ~ ~ , V H S F O , V F L R C T V P N U B I V H Y S B I V W C S T , V D E V L , V P E N D  
PUlvCH 8 3 0  ,VREPR, V L I F P  ,VLI  FA, VCYCA,  VOPER 9 VTESTvVTCST 

830,ACTWTf ACTRB, ANAFO , A L I F E ,  ACYCL t ADCST t AUCST 
8 3 0  9 ACVOL, ADTI  MI XRUWT v XRUR B y  XRtJSD ,ANUMB ,VPRON 
830,ALLLX 9XRUR 1, XRUWl, VFAC3, XMDR t XMDC 

8 30 t P P P P 1 9 A r\lG L 1 9 ANG L 2 9 PU lrlS 1 PUM S 2 9 S 5 t S 6 

PU NC H 8 3 0 , P RE S A MO M , A C T I i4 9 X R US U 9 A C T Q M 9 ACT Q A , A C T Q L 
PUNCH 
PUNCH 
PUNCH 
GO T O  8 0 0  

8 2 0  FORHAT ( 7 E  10 -0  ) 

8 0 3  S T O P  
8 3 0  FORMAT (7E10 .3 )  

END 
.028 - 0 3 5  - 0 4 2  - 0 4 9  . 0 5 8  065  - 0 7 2  
- 0 8 3  ,095 . l o 9  . 1 2 0  10.0 

10.15 10.50 11.00 11.60 12.10 12.87 13.44 
14.23 15 . 20 17.30 19.61 19.61 

TABLE L (COhiINUED) 



Y=1.0  
D I N E N S I O N  TUBE ( 9 9  14) 
D I M E N S I O N  F I T (  14)  
D I M E N S I O N  T 1 (  1 2 )  
D I M E N S I O N  T 2 (  12)  
RE AD 899 9 ( ( T U B E  ( M 9 N 
R E A D  8989 ( F I T ( N ) r N = l r  14) 
READ 
R E A D  8 2 0 9 T 1 ( 8  t T l ( 9 )  9 T 1 (  10 , T 1 (  11 , T I  ( 1 2 )  
READ 
R E A D  8209 T Z ( 8  
I F  ( S E N S E  S M I T C H  1 ) 2 0 5 0 , 9 6 0  

9 I.\= 1 7  9 ) 9 N= 1 9 1 4  1 

820 9 T 1 (  1) 9 T 1 (  2 )  y T 1 (  3) 9 T 1 (  4 )  9 T 1 (  5) , T 1 (  6 ) 9 T 1 ( 7  ) 

820 , T Z (  1) 9 T 2  ( 2 1 ,  T 2 (  3 )  9 T 2  ( 4 )  9 T Z  ( 5 )  , T 2 (  6 )  9 T 2  ( 7  1 
9 T 2 ( 9 )  9 T 2 (  L O )  9 T 2 (  11) 9 T Z (  1 2 )  

2050  P R I N T  2000 
P R I N T  2 0 0 1  
P R I N T  2002 

2 0 0 0  FORMAT (36H O l J T P U T  FROM PROGRAM 2 TUBE SYSTEtbl)  
2 0 0 1  FORMAT ( 3 8 H  S Y S T E M  bIOF4EiVT T U B I N G  T U B I N G )  
2 0 0 2  FORMAT ( 4 0 H  PRESStJRE A R 7  !*JEIGHT F A I L  K A T E )  

960 R E A D  8 2 0 9 S l , S 2 9 S 3 9 S 4 9 X X X X 2 9 P P P P 9 ~ A A A l O  
RE AD 
R E A D  
READ 820 ,PPPP69PPPP79FFFF19FFFFZ,FFFF39FFFF49PPPP8 
R E A D  820, S S S 2 9 S S . 5 3 ,  SSSI,RSPAlrRSPAZrRSPA39TOILW 
READ 820 VRRRR 1 (RRRR 3 9 R R 7 R 4 9  OOCQ 1 9 QQQ(22 9 QQ003 9 V N A F Q  
R E  AD 6 20 9 V H S F O  9 VF L R C  9 VPNUB 9 VHY SB 9 V WCST 9 VD E V L  9 VPEND 
READ 8 2 0 9 V R E P R 9 V L I F P 9 V L I F A 9 V C Y C A 9 V C P E R 9 V T E S T , V T C S T  
R E  AD 
READ 
R E  AD 
READ 

8 20 9 P P P P  1 9 A h!G L 1 9 A WG L 2 7 P U K S  1 9 PU bl S 2 9 S 5 9 S 6 
8209 S 7 9 S 8 9 S 9 9 P P P P 2 9  P P P P 3 ,  P P P P ~ I  P P P P 5  

8 20 9 P R E  S 9 A MO M , A C T  I M 9 XR US U 9 ACT QlJi, ACT QA 9 A C T  QL 
820 9 ACTbJT 9 ACTR B 9 ANAFQ 9 A L I  F E 9 ACY C L  9 A D C S T  9 AIJCST 
8 20 9 ACVO L 9 A D T  I M 9 XRU!JT 7 XR lJR B 9 X RlJS D 9 ANUblB 9 VPRON 
8 20 9 A L L  L X  9X RUR 1 9  XRUN 1 9 V F A C 3  9 XMDB 9 XMDC 

997 T : . I T L l = S l  
T I4T L 2= S 3 + S 4+ ( AM0 14- ( X MD B+ X M D C / 2 0 
F L O U = A C  TOM 

T i4T 1 J =TM T 2 J* 1.26 
T I 4 T 2 J = (  ( 1 .02E-3*FLOW*(.794*TMTLl+TMTL2) I / (  .l: 'PRES) ) * * e 2 5  

T I 4 T 2 I = T M T Z  J* ( ( 1 . 0 + 6 . 8 3 E - 5 * P R  ES) / ( 1 . 0 - 6 . 8 3 E - 5 * P i i E S  
T ?*IT 1 1 =TM T 1 J* ( ( 1.0 +6 8 3E- 512 PR E S / ( 1 0-6 8 3 E - 5  * P R E S 
TI4T 2 T =  ( T M T Z I  - T H T 2  J 1 /%.I7 
T F4T 1 T  = ( TM T 1 I - T N T  1 J 1 / 2.0 
M = 1 
N = l  
DO 901 N = 1 9 1 4 r l  
I F  

T FIT 2 I = T U  BE ( M 9 N 

Da' 903 M = 2 9 9 9 1  
I F  (TF!TZT-TUBE ( M , N )  )904,9049903 

)*:'a 5 ** 5 

( T M T Z I - T U B E  ( 149 N 1 1 9 0 2 9  9 0 2  9901 
901 CONT I N U E  
9 0 2  

\ - JTF2=FIT (1 '1 )  

903 CONT I I J U E  
904 T i < l T 2 T = T U B E  ( M  ,N 

i . 1 ~  1 
N = 1  

I F  ( T M T l I - T U B E  ( F l t N )  ) 9 1 2 9 9 1 2 9 9 1 1  
DO 911 r~=1,14,1 

911 C O N T I N U E  
9 1 2  T M T l I = T U B E ( W , N )  

U T  F 1 = F I T ( N 1 

TABU, XI 

DECK NLJk&,R 5 - TUE113G 
CCMPuTER PROGRAM LISTING 
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DO 913 M = 2 r 9 r l  
I F ( T M T  1 T - T U B E  ( MT N 19 1499 147 9 13  

913 C O N T I N U E  
914 T M T l T = T U B E ( M T N )  

T MT 2 J = TM T 2 I - 2 O* T M T 2 T 
T MT 1 J = TM T 1 I - 2  0 * T MT 1 T 

OW E I GHT = 22  2 *  ( TMT L 1* ( T M T  1 I ** 2 0 - T M T  1 J** 2 0 ) + 2  O*T14T L2 * 
l ( T M T 2 1 * * 2 . O - T M T 2 J * * Z . O ) )  
ORE L I AB= 2.8 E -6 * ( ( TMT L 1* TMT 1 I 1 / Tr f  T 1 T 1 + 1.05 E-6% ( T I’IT L 1 / ( T PIT 1 I 
1 + 2 0 * ( 2.8 E -6 * ( ( T MT L 2 + T!.l T ? I 

TM T 1 T ) 
/ T 1‘1 T 2 T + 1.0 5 E - 6* ( T k1T L 2 / ( T MT 2 I * Tf.1 T 2 T 1 ) 1 

F V O L  = 7 8 5 * ( T MT L 1 * ( T MT 1 J** 2.0 1 + 2 0 * T MT L 2% ( T ;AT 2 J ** 2 0 1 ) 
T PIT L 3 = s 2 
TMT L3  W = .2 2 2 * T M T L  3.’ ( ( TMT 1 I ** 2.0 1 - ( TMT 1 J** 2.0 ) ) 
N E  IGHT=bIE I G H T + T M T L 3 W  

1 ( T MT L 3 /  ( TM T 1 I *TMT 1 T ) ) 
O R E L I A B = R E L I A R + 2 . 8 E - 6 * (  ( T M T L 3 * T M T l I ) / T V T l T ) + 1 . 0 5 E - 6 *  

FVOL=FVOL+.785* (TMTL3* (TNT lJ * *2 .0 ) )  
I.1 E I G H T  =I.,‘ E I G H T + 3.8 7 8 E - 2% F V OL 
WTF3 =WTF 1 
T MT F w  1 =o T F  1* 2 .  o 
TMTFWZ=WTF2*8 .0  
T MT F \,I 3 = W T F 3 * 2.0 
WE I GHT =WE I G H T + T M T F  W 1+TMT FW Z+TMT FW3 
T MT F R I=. 06* ( TMT 1 I 1 + 1.47E-  3 /  ( T M T  1 I* TMT 1 T ) 

T M T F K 3 =  .Ob*(  T M T l I  +l. 4 7 E - 3 /  ( T M T l  I * T M T l T  ) 

R E L I A B = R E L I  AB+TMTFR 
WE i GHT =WE IGt-lT* 2.0 
R E L I A B = R E L I A B * Z . O  
TWGHT=WE I G H T  
T F  A I  L = R E L  I A B  

IF ( T M T ~ T - T ~ ( N )  1 701 ,701~702  

TMT F R  2= 0 6 C  ( T M T 2  I 1 + 1 47  F - 3  / ( TMT 2 I *T14T2 T 1 

TMTFR=z.O*TMTFR 1+8 .O*TMTFR2+2.O*TMTFR3 

Dn 702 N = l r l l t l  

702 C O N T I N U E  
701 T C O N l = T Z ( N )  

DO 703 N = 1 , 1 1 ~ 1  
I F  ( T M T Z T - T l  ( N  1 )  7031 703,704 

704 C O N T I N U E  
703 T C O N 2 = T 2 ( N )  

OTUC SU=(  120.0+2.3*ACTWT**O. 5 ) * A N U M B + (  899233 ( T M T 1  I )*:*1.09885+.462)*( 
l ( T M T L l ) * (  T C O N l ) + (  . 8 9 9 2 * (  T M T 2 1  ) * * l . U 9 8 R 5 + . 4 2 8  ) * ( T M T L 2  ) * ( T C O N 2 )  I*( 
2 A N U M B / 2 . 0 )  
OTUCSD=(450.0+12.50*(ANlJMB/2.0)* (  T M T L l + T M T L Z )  ) * ( X X X X 2  ) + ( 4 6 O . O  I *  
1 A N U M B * A A A 1 0 + 4 6 0 ~ O * S 7 * P P P P 3 + 4 6 ~ ~ O * S 8 * P P P P 4 + 4 6 O ~ O * R R R R 4 + 1 2 O ~ ~ * R R R R 4  
2 * S s s I  +23O.O*FFFF 1 * F F F F 4  

I F  ( S E N S E  S W I T C H  1) 8 2 1 , 8 2 2  
P R I N T  82 1 

822 PUNCH 8 3 O 9 P P P P  I T A N G L L * A N G L ~ T  P U M S ~ T  P U N S 2  9 S 5  9 S 6  
8 30 T P R E  S T AM0 M 9 T WGH T 9 T F A  I L 

8 30 9 s7 T 58 9 s9 9 P p P P  2 9 P P P P 3  9 PPPP4,  P P P P 5  P U N C H  
P U N C H  ~ ~ O T P P P P ~ ~ P P P P ~ T F F F F ~ T F F F F Z T F F F F ~ ~ F F F F ~ T P P P P ~  
PUNCH 830, sss2T sss3(  SSSI , R S P A l  TRSPA2,  R S P A 3 , T f l I L W  
P U N C H  830 TRRRR 1 T RRRR ~ T R R R R ~ T  Q Q Q Q l  P Q Q Q Q Z  qQQQQ3 T V N A F Q  
PUNCH 830 T V H S F O T  V F L R C T V P N U B ~  VHYSB,  VbICST T V D E V L  T V P E N D  
P U N C H  ~ ~ O T V R E P R T V L I F P , V L I F A , V C Y C A , V O P E R ~ V T E S T ( V T C S T  
PUNCH 830 ,PRES(  AMOM, A C T 1  141 XRUSU,ACTQM,ACTQA ( A C T Q L  
PUNCH 830 p ACTWTT A C T R B T  ANAFQ,  A L I  F E T A C Y C L  VADCST ,AUCST 
PUNCH 830 T A C V O L T  A D T I  M,XRUI.!T, XRURB, XRUSD TANUCIB T V P R O N  
P U N C d  8309 A L L L X  T X R U R ~ T  XRUW1, V F A C ~ T  P P P P 9  

TABU XI (CONTINUED) 
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PtJNCH 830,FVOLTTwGHTTTFAI L,TUCSU,TUCSDTTMTLI 
I F  ( Y - 3 . 0 ) 9 5 0 , 9 5 0 ~ 9 5 1  

950 Y=Y+.OOOOl 
GO T O  9 6 0  

8 2 0  FORMAT (7E10 .0 )  
8 3 0  FORMAT ( 7E 10.3 ) 

8 9 8  FORMAT ( 7 E 1 0 . 0 )  
9 5 1  STOP 

8 9 9  FORMAT (9E8.0)  

END 
1.25E-1 2.8E-2 3.2E-2 3.5E-2 4.2E-2 O.OE+O O.OE+O O.OE+O O.OE+O 
1.88E-1 3.2E-2 3.5E-2 4.2E-2 O.OE+O O.OE+O O.OE+O O.OE+O O.OE+O 

2.5E-1 3.5E-2 4.2E-2 4.9E-2 5.8E-2 6.5E-2 7.2E-2 O.OE+O O.OE+O 
3.13E-1 3.5E-2 4.2E-2 4.9E-2 5.8E-2 6.5E-2 7.2E-2 O.OE+O O.OE+O 
3.75E-1 3.5E-2 4.2E-2 4.9E-2 5.8E-2 6.5E-2 7 * 2 E - 2  O*OE+O O.OE+O 

5.OE-1 3.5E-2 4.2E-2 4.9E-2 5.8E-2 6.5E-2 7.2E-2 8.3E-2 9.5E-2 
6.25E-1 3.5E-2 4.2E-2 4.9E-2 5.8E-2 6.5E-2 7.2E-2 8.3E-2 9.5E-2 

7.5E-1 4.9E-2 5.8E-2 6.5E-2 7.2E-2 R.3E-2 9.5E-2 1.09E-1 1.25E-1 
8.75E-1 4.9E-2 5.8E-2 6.5E-2 702E-2  8.3E-2 9.5E-2 1.09E-1 1.25E-1 

l .OE+O 4.9E-2 5.8E-2 6.5E-2 7.2E-2 8.3E-2 9.5E-2 1.09E-1 1.25E-1 
1.25E+O 4.9E-2 5.8E-2 6.5E-2 7.2E-2 8.3E-2 9*5E,-2 1 0 0 9 E - 1  1.25E-1 

1.5E+O 6.56-2 7.2E-2 8.3E-2 9.5E-2 1.09E-1 1.25E-1 1.34E-1 O.OE+O 
1.75E+O 6.5E-2 7 0 2 E - 2  8.3E-2 9.5E-2 1.09E-1 1.25 -1 1.34E-1 O.OE+O 

1.53E-2 1.95E-2 2.4E-2 3.45E-2 4.39E-2 6.72E-2 1 0 0 5 8 E - 1  
1 - 5 8 5 E - 1  2.02E-1 2.43E-1 3.35E-1 4.25E-1 5.1E-1 6.OE-1 

- 0 2 8  - 0 3 5  .042 .049  .058  065  .072 
.083 .095 1 0 9  .120 10.0 

10.15 10 - 5 0  11.00 11.60 12.10 12.87 1 3  44 
14.23 15.20 17 30  19.61 19 .61  

2.OE+O 6.5E-2 7m2E-2 8.3E-2 9.5E-2 1.09E-1 1.25 - 1  1.34J-1 O.OE+O 

TABLE XI (CCNTINUED) 
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D I 1 4 E N S I O N  B R I  ( 5 , 2 2 1  
D I M E N S I O N  B T I  ( 5 9  1 8 )  
D I M E N S I O N  B T I I ( 4 9 1 8 )  
READ ~ O ~ T ( ( B R I  ( M T N ) T M = ~ T ~ ) T N = ~ , ~ ~ )  
R E A D  104, ( ( B T I  ( K , L l ~ K = 1 , 5 ) T L = 1 , 1 8 )  
READ 
x=1.0 

R E A D  ~ ~ O T ~ ~ , S ~ , ~ ~ , P P P P ~ ~ P P P P ~ , P P P P P ~ , P P ~  
RE AD 8 20 7 P P P P 6  9 P P P P 7  9 F F F F  1, F F F F  2 9 F F  F F 3 ,  F F F F 4  9 P P P P B  
RE AD 8 20 T S S S 2  9 SSS3,  S S S  I ,  R S P A 1 ,  R S P A 2 ,  RS P A 3  ,TO ILW 
READ ~ ~ ~ , R R R R ~ , R R R R ~ , R R R R ~ T Q Q Q Q ~ , Q Q ~ , Q Q ~ , Q Q Q Q ~ ~ V N A F Q  
R E A D  820  ,VHSFO, VF LRC, VpNUB, VHYSB, VWCST 7 VDEVL ( V P E N D  
R E A D  820 , V R E P R , V L I F P  , V L I  FA,  VCYCA, V O P F R T V T E S T  ,VTCST 

READ 820  9 ACTWT ,ACTRB, ANAFO T A L I  F E ?  A C Y C L  ,ADCST VAUCST 
READ 820 9 ACVOL, A D T I  M I  XRUWT, XRURB, XRUSD 9 ANUMB r VPRON 
READ ~ ~ O , A L L L X , X R U R L T X R U ' ~ ~ , V F A C ~ ~  P P P P 9  

I F  ( S 7 ) 9 3 1 , 9 3 1 , 9 3 2  

105 7 ( ( B T I  I ( I T J 1 ,  I =1, 4 )  T J= l ,  1 8 )  

200 READ 820 T P P P P ~ T A N G L ~ ~ A N G L ~ ,  P U M S l  9 PUMS2 , S 5  , S 6  

K E AD 8 20 T PRE S , AMOiJl A C T  I M , XR US U, ACT OM, A C T Q A  T A C T Q L  

R E A D  8 2 0 t F v O L 1  TWGHT, T F A I  L v  TUCSU, TUCSD, T M T l I  

932 PUMS=PUMS1 
A N G L = A N G L ~  
FLOW =ANUM B* AC T g  A*P PPP 1 
PAPLd 1= 1.0 

1 0 2 0 P A P W P = (  ( (8 4 9 E - 3 *  ( PAPW1**2 .0  t / ( 7.08-5.3E-S*PPRES ) + ( ( 4  - 6 8 E - 6 *  
l P R E S ) / ( P U M S + (  S I N F  ( A N G L )  / C O S F ( A N G L )  I * (  2 . 9 8 + 2 . 4 4 E - 4 * P R E S  )*(7.08- 
25.3E-5*PRES)))+fFLOW/(P~JMS*(SINF(ANGL)/COSF(ANGL))*(2r98+2.44E-4 
3 ;kP RE S ) * ( 7 08 - 5  3 E-5*PR E 5 1 1 
4 I S  I N F  ( ANGL /COSF ( ANGL I * (  7.8-5.3E-SlePRES ) *'e333 

( A 3 S F  ( P  APWP-PAPW 1) -1 .OE-5*PAPW P 1 100 9 100 9 1 0 1  

+ ( ( 1 2 4 E - 4 4  PRE S*  PA PW 1 1 ( PUM S* 

I F  
101 P A P W l = ( P A P W P + P A P W  1)/2.0 

GO T O  102 
100 P A P W I = P A P W P * (  3 . 9 8 + 4 . 1 4 E - 4 * P R E S )  

PAPW J=PAPWP* f 2 .98+2 .44E-4*PR ES 

P A P W X = 2 . 7 1 * P A P W P ~ ( S I N F ( A N G L ) / C O S F ( A N G L ) ) * ( 2 . 9 8 + 2 . 4 4 E - 4 * P R E S )  
W T = . 2 1 = P A P W X * ( ( P A P ~ ! I ~ ~ 2 e ~ ) - 9 * O * ( P A P W P * * 2 o O ) - ( P A P W K * * 2 o O ) )  
P A P  E W = 18 1s ( P APW P ** 3 0 

P APW K=P APWp* ( 1.98+7.4E- 5% PRES ) 

OP APER= (5.25 E-7:kP AP Ebl* ( PAPWJ**  2.0 
l C O S F  ( ANGL 1 ) *  ( 2 .98+2 ,44E-4*PR ES 

* ( PUMS**2  0 
/ ( F L O W P A P W P  

* P R E S *  (S I N F  L ANG L 1 / 

R E L  =9 .O*PAPER + ( 9 * 8 E- Z*P AP ER 1 + ( ( 1 .98E-5*  PRES ) / PAPWJ 
P A P D X Z 1 . 5  l *PAPWP*:(  S I N F  ( A N G L )  /COSF ( A N G L )  I * (  2 . 9 8 + 2 . 4 4 E - 4 * P R E S l  

0 W T = W T +9 0 * P AP E W + ( 8 6 3* ( P A P W P I  * 3 0 1 3 ( 2 4 9+ 2 * 7 4 E -  5 *P R E  5 * 
1 ( S  I N F  ( ANGL /CO SF ( ANG L * ( 2 e 9  8+2 4 4 E - 4 *  PRES ) 
OPAPC1=.122*PAPWP*(  ( 2 . 9 8 + 2 . 4 4 E - 4 * P R E S ) * (  S I N F ( A N G L ) / C O S F ( A N G L )  ) *  
1 PRE S ** 33 3 

P APC 2 = 2 , 0 5 * p A p w K  
PAPC J=PAPWP*(  3 . 2 4 + 2 . 4 4 E - 4 * P R E S )  
P A P C  I = P A P C l + .  20 
P A P F  I = 1.26*P APW P 
P APT 1 = P A P  C J + P A P F  1 + 1.7 E-4* PAPW P* P R E S  
M = l  
N = l  
DO 108 N = l r 2 2 ~  1 
I F  ( P A P T 1 - B R I  (M,N) 1 1 0 7 , 1 0 7 ,  108 

108 C O N T I N U E  
107 P A P T K = B R I  ( 2 9 N )  

TABLE X I 1  

DECK- 6 -  FIXED A N G U P W  
COwPuTEg PRoQlAM LISTING 
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2 0 4  S T O P  
E ill D 

7 8 7 E - 1  
9.84E-1 

1.181E+O 
1.378E+0 
1 e5 75E+O 
1.772E+O 
1.969E+0 
2.165E+O 

2.55YE+0 

2.953E+0 

3.347E+0 

3.74OE +O 

4.134E+O 

4.7 24E +O 

5.5 12E +O 
4.724E-1 
5.906E-1 
6,693E-1 
7.874E -1 
9 m843E-1 
1.181E+O 
1.378E+0 
1.578E+0 
1 * 7 7  2E +O 
1.969E +O 

2.362E+O 

2.756E+0 

3 150E+O 

3.543E+O 

5.906E-1 

2.362E+0 

2.75hE+O 

3 * 1 5 0 E + O  

3 * 5 4 3 E + 0  

3 * 9 3 7 E + 0  

4.331E+0 

5 118E +O 

2 165E+O 

2 *560E+O 

2 * 9 6 3 E + O  

3.347E+0 

4.724E-1 

6 - 6 9 3 E - 1  

7 8 7  E - 1  
9 .84E-1 

1.181E+O 

1.575E+0 
1 37 5 E+O 

1.772E+0 
1 9 6 9  E+0 
2.165E+O 
2.362E+0 
2.5 59E+O 
2.7 56 E+O 

3.150E+O 
3.347E+0 
3.543F+0 
3.740 E+O 
3.9 37E+O 

4.331E+O 

5.118E+O 
5.5 12E+O 
4.724E- 1 
5 .906E-1  

7.874E-1 

2.953E+O 

4.134E+O 

4.7 24E+O 

6.693E-1 

9 8 43E-1 
1.181E+O 
1.378E+O 
1 , 5 7 8 ~ + 0  
1.772 E+0 
1.969 E+O 
2.165E+O 
2.362E+O 
2*560E+O 
2 * 7 5 6 E + 0  
2 * 9 6 3 E + 0  
3. 150E+O 
3 347  E+O 
3 5 4 3  E+O 
1.103E+O 
1 26 O.E+O 
1 378E+0 

1.457E+o 

1.850E+O 

2.441 E+0 

l .h54E+O 

2.175E+O 

2.677E+0 
2.835E+0 

3.347E+o 

3.937E+0 

4.331E+O 

4 .021 E+0 

3.15OE+O 

3.543E+0 

4.134E+O 

4.724E+0 

5.118E+O 
5.512E+0 
5.709E+0 
5.90hE+O 
6 49 6 E + 0 
7.087 E+0 

1.457E+0 
7 4 8 0  E+O 

1 654E+0 
1*851E+O 
2 047E+O 
2 .441 E+O 

3.150E+O 

3.937E+0 

4.724E+o 

5 * 5 1 2 E + 0  

2.63 5E+O 

3.543E+0 

4.331E+O 

5.118E+O 

5 e90 6E +O 
6,299 E+o 
6 69 3E+O 
7.087E+0 

3.15E-1 

3.94E-1 

7.48OE+O 

3.54E-1 

3.54E-1 

3.54E-1 

4.72E-1 

4.72 E - 1  
5 .12E-1 
5.12E-1 
5.12E-1 
6.3OE-1 
6.30E-1 
6.30E-1 

7.09E-1 
7.O9E-1 
7.87E-1 
7.87E-1 
7.87E-1 
8 h6E-1  
9.45E-1 

4.724E-1 

5.5 1 2  E - 1  

6. h 9 3 E - 1  

8.268E-1 

9.843E-1 
1.063E+O 

1.221E+O 

3.54E-1 

2 .94E-1  

4.72E-1 

7.09E-1 

9 45E-1  

5.118E-1 

5.904E-1 

7.48OE-1 

9 .055E-1  

1.142 E+O 

1 , 2 9 9 E + 0  
1 378E+0 
1.457E+0 
1.535E+0 
1.614E+O 
1. h93E+O 

4.OE-2 

1.3E-1 
6eOE-2 

9.OE-2 
1 . O E - 1  
1 - 2 E - 1  
1.9E-1 
2 e9E-1 
3.4E-1 
3.5E-1 
4.7E-1 

5.4E-1 
8 e h E - 1  

1.10E+O 

5.1E-1 

1.04E+O 

1.41E+O 

1.53E+O 
2*04E+O 
2.1ZE+O 
2*20E+O 
3.02E+O 
4*OZE+O 
4.38E+0 
1 e4E-1 
1.9E-1 
2 a6E-1 
3.3E-1 

1.4RE+O 

5.l.E-1 
7 8E-1 

1 .OOE+O 

1*97E+O 

3.20E+O 

5.05E+O 

1.47E+O 

2.54E+0 

4.03E+O 

5.96E+O 
7.41E+O 
8.79E+0 
1 .04E+1 
1.21E+1 

TABLE X I 1  (CONTINUED) 
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7. i: 7 4  t - 1 
9 . i! 43 1. - 1 
1 . 1 4 l E + C  
1 3 7 h E +C' 
1 e 57t)F- +O 
1.772"+0 
1.9hYE+0 

2.367F+O 

2.756C+O 

2 I6SE+O 

?.559E+O 

2 * 9 5 3 F + O  
3.150E+O 
3.347E+O 
3.543 E +O 

1.654E+0 
1 .N 5 0 E + O  
2.165E+O 
2.441E+O 
2.677 E + 0  
2 .9 5 3 li +O 
3.15OE+O 
3.543E+O 
3.740 E+O 
3.9 37 E+O 
4.331E+0 
4.5 2 R  E+O 
4.92 1 E+O 
5.1 10 E+O 
5.512E+0 

4.72E-1 
4.72E-1 
5 . 1 2 E - 1  
5.51 E - 1  
5.9 1E-1 
4.3OE-1 

7.09 F- 1 

7.09 E - 1  

6.3C E - 1  

7 .09E-1 

7 . a 7 ~ - i  
7.67E-1 
8 6 6  E-  1 
A . 6 h f - 1  
9 4 5  E- 1 

l . h E - 1  
2.5E-1 
3.4E-1 
5 . O E - 1  
h.3E-1 
h .9E-1  
7.5E-1 

l . O O E + O  

1.50E+O 

2.13E+O 

2. t?HE+O 

1 2 5 E + O  

1 56E+O 

2.25E+0 

3.50E+O 

TABLE XI1 (COLTINbED) 
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X= l .O  
I F  ( S E N S E  S N I T C H  1 ) 2 0 5 0 , 3 0 2  

2 0 5 0  P R I N T  2000 
P R I N T  2001 
P R I N T  2002 

2000 FORMAT ( 4 1 H  O U T P U T  FRO!I  PROGRAFi 3 F I X E D  A N G L E  P U M P )  
2001 FORMAT ( 3 7 H  S Y S T E N  MOMENT PUMP PUMP 1 
2002 FORKAT ( 4 0 H  PRESSURE ARM N E I G H T  F A I L  R A T E )  

302 K E A D  151 ,PAPWP,PAPWI  tPAPWJ,PAPWK,PAPI.IX 
READ 15 1, P A P E R  ( P A P  DX ,P APCZ 9 PAPC J PAPC I 
R E A D  15 1, P A P F  I P A P T L  PAPC 1, WT R E L  PAPUW 
READ 15 l , P A P T K , P A P T I  r P A P T Y  9 PAPTW? PAPGK 
K E A 0  1 5 l r P A P G I y P A P G Y  ,PAPGW,PAPUI,PAPlJY 
READ 820 ,PPPP 1 , A i J G L l r A N G L Z r  P U M S l v  P U N S 2  , S 5 , S 6  
R E A D  820 , S 7  , S 8  S 9  PPPPZ,  P P P P 3  9 P P P P 4 ,  P P P P 5  
READ 820,PPPP6,PPPP7tFFFFl,FFFF2tFFFF3,FFFF4,PPPP8 
R E A D  
RE AD V N A F Q 
R E  AD 8 20 VHSFO 9 VF L R C  VpNUB 9 V H Y S B  VWCST T VDEVL 7 V P E N D  
READ 8 2 0 , V K E P R , V L I F P , V L I F A , V C Y C A , V O P E R , V T E S T , V T C S T  
K E AD 8 20 P RE S AM0 M, AC T I  M , XR US U , ACT QM, ACT QA T ACT OL 
READ 820 , ACTW T 9 ACTK B 9 ANAF(S A L  I F E T ACY C L  , ADCS T , AUCST 

READ 820 9 A L L L X  t X R U R  l , X R l J W l ,  V F A C 3 ,  P P P P 9  
R E A D  820,FVOL,TIaIGHT, T F A I  L,TUCStJ, TUCSO, T M T 1 I  
I F  ( S 7 )  931,931,932 

820, SSS2,  S S S 3 , S S S I  , R S P A l  , R S P A 2 , R S P A 3 , T O I L M  
8 2 0 9 R R R R 1 9 K R R R 3 9 R R R R 4 9 Q (J Q 1 9 Q Q Q Q 2 , Q Q Q Q 3 

R E AD 8 20 , A C v  0 L , A D T I H , x K ( I  W T , XR UR B , X RUS D T A NUMB 9 V P RON 

932 P U M S = P U M S I  
FLOW =ANUMB*ACTQA*PPPP 1 
ANGL=ANGL 1 
T A N A = S I N F ( A N G L ) / C O S F ( A N G L )  
P A P C X = l .  1 3 5 * (  P A P C Z + l .  3 5 * P A P C 1 - (  P A P T Y + . 0 5 0 )  ) + e 3 3  

OPAPC \ J =  224:r ( ( P AP TY + 0 5 
1 ( P APF I **2 0 13 ( P A P  TY+. 0 5  )-2.05* ( PA PWKlr* 3 0 ) - 
2 ( P A PC 1 $:* 2 0 ) * ( 1 3 5 s  P AI' C 1 + 3 3 ) ) 

* ( P A P T K * *  2.0 1 +PA PC X S  ( PA PGK*X:2 - 0  -9 O* 

W T = w T +P AP C w +P AP UW + P A P T N+ P A P GN 
ORE L =RE L + 1 8 1 E - 4 /  ( P APWP*:r 2 0 
1+. 23 l.* ( ( P U I 4 S / 6 0  - 0  

+ 1 2 3 E - 2 /  PA PC*1+ Q 9 9 4  ( ( PUI'IS / 60  0 ** 33 ) 
3 3 3  1 

PAPK I= 1.8E-3* (  ( F  L D L $ * P R E S / P U I ~ ~ S  1 *'&e 333 
P A P I ~ l I = . 0 0 3 2 ~ : (  ( ( F L O \ ! * P R E S ) / ( P U M S * P P A P K I )  )::*005) 
P A P  H I = 2 1 49 P AP W K 

OW T =WT +9 0 * ( 18 4* ( P A P TY + 0 5 ) * ( PA P F I ** 2.0 ) - 0 6 1 'x I P A  PW P **3 0 ) ) + 27 6 * 
1 PA P D X * ( P AP K I *:: 2 0 + 4 8 E - 4 *  ( F L 0 W * P R E S / PU 14 S + 1 4 6 E-2  * ( P A P W K * * 3 0 

R E  L =R E L +8.1 E - 3 /  ( P A P  WP** 2 0 1 + 3 . 6 E - 4 /  PA PK I + 1 2 E-2  
PAP I Y  = .5*P APW K 
P A P  I K =  . 6 8 * P  APwK 
P A P N I = . 8 1 * P A P W K  

OWT =WT +. 07  1 5 3  ( PApWK<:*2.0 
1 [ P A P N  I ** 2.0 ) :::P AP I Y -P AP N I * PA P K I * PA P I Y -1 5 7* ( PA P M I ** 2.0 ) * ( P A PN I - *PAPCZ- .  069* ( P A P H  1+*2 0 * P A P W K + 1  36)x ( 1.57* 

2 P A P K  I ) 1 +PAP I Y *  ( ,062* ( P A P  WK**2.0 +. 054* P A P C Z * P A P  I K  

OWT =WT +. 042* ( P A P  I Kw4.0  +2.62 E - 4 *  PA PWK+. 01 13* ( PA PWK**2  0 1 * RE L = R E  L +8 4 E  -4 /P  AP \*J K + 6  R E - 4 /  PA P N  I + 2 72.E- 3 /  PA P N I 

1 ( 2 2 l * P  APW X + 1 0 + 0 148 *P APW X* ( PA P WK** 2.0 
K E L = R E L  + .021+4.OE-3+8.4E-4 /  PA PWK+ ( l e 2 E - 3 * P U M S  1 /PAPWK 
PAP 6) I = 1 32 E -2': P AP W P 
P A P S I = P A P O I + .  125 
P A V I I = 1 . 6 5 * P A P S I  

( P R E S*+ 5 

OWT=WT+3.46*CPAPQIs*3.0)  +*019* (  PAPWX**3 .0)  +0216* (  P A P O I * * 2 . O  + e 0 1 4 6  

TABU XI11 

DECK NUMBER 7 - F-ANGLE PUMP 
COMPUTLR PROWAM LISTING 
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1 * P A P 0 I - 0 48 * P A Pbl X * ( P AP Q I * S  2.0 ) + .8 7 2* ( PA P Q 1 ** 3. (1 ) + . 1 5  5 :X ( P A P S 1 S ::: 3.0 ) 
K E L =R E L  +7 0 E - 3  / P AP Q I + 3.6 E - 2 / PA PI1 X +  3.6 5 E -4 / ( P A  PO I ':':'2 0 1 + 1 5 E-3 
C A L L  O S H E  ( P A V I I  , l , R I N G W T )  

C A L L  O S F R  ( P A V I I  , . 0 1 3 3 * P R F S , 5 , 1 , R I N G F R )  
WT=WT+RINGWT 

R E L =R E L  +R I N GF R 
P A H  I I = P A P T  I + e  1 2  

OWT =WT +4.28 E-3:* ( P AP C 1 
1 ( . 3 6 6 * ( P A P T I ~ ~ 2 . 0 ) + 8 . 7 8 E - 2 z P A P T I + 5 . 2 h E - ~ ~ + l ~ l 7 E ~ 2 * ~ P A P G I * * 2 ~ 0 ~ ~  
25.16E-3*PAPGI*PAPLJI -6 .54E-3 : : (  PAPUI :X*2 .0 )  

) + 5.2 6E-4:: PA PC I + 8 9 E - 6 + 7  6 8 E-3': 

R E L  =RE L +5 . OE -4+6.0 E-4+ 6.0 E - 4  
C ALL 0 SWE ( P A P  C I 1 , R I NGI-IT 1 
WT =WT +R INGW T 
C A L L  OSFR ( P A P C I , . 0 1 3 3 ~ ~ P R E S , 9 , 1 , R I N G F R )  
R E L  =KEL +R I N G F R  
P AFC I =P APC I +. 42 
P A F P I  = P A F C I  +.04 

PA F P X = .2 16 :: ( P AP C I ::: :: .5 ) 
P AFP 2=. 39 3~:: ( P A P  C I  * S .  5 ) 

P AFPIC= 1 24::PA.PC I +9 - 9 2  E - 2  

C A L L  OSWE ( P A F P K ,  1 , R I N G b J T )  
C A L L  OSFR (PAFPK, .0133*PRES,S ,  1 , R I N G F R )  

OLIT = W T +6 96 E -2* ( P AP C I ** 2 . 0 1 + 1 46 E-  2': PA PC I + 1 1 5 E - 2  Q ( P A P C I Q* 5 1 ;$ 
1 ( P AF P I * * 2 0 ) + R I I\! G \.IT 

RE L =RE L + 3.45 E - 2 S P A P C I + 4::: PA F C I + R I N G F li 
P AFY I =P AF P I +. 0 5 

ONT =WT + 1 3 E - 2 8 P  AF PX::PAFY I + 1 0 E-4+9.8E-4'; P A F  PK+2 .29E-3*PCF P K + 3  2 1 E - 4  
1 + 1 . ~ E - 3 * P A P C I - 3 . 0 E - 5 + 4 . 6 4 E - 3 ~ ~ P A P C I + 6 . 9 5 E - 5 + 2 . 3 1 E - 2 ~ P A F Y I * P A F P X +  
2 ( 3  - 4 6 E - w  ( P A F Y  1**2.0) +. 1 8 * i J A F Y I  + 3 . 5 1  E - 2 )  * (  PAFP2+.07  ) + 
3 2 . 1 6 E - 2 * P A F Y I + l .  2 7 E - 2  

R E L  = R E L +  l .OE-3+6  25E-2+6 .0  E -4+5 .OE-4+1  OE-2+1 .39E-2*PAFY I 
c ALL OSWE ( P A F Y  I +. 1 9 1 ,  R I NGYT 
C A L L  O S F R  
P A F M I = 3 1 25 
WT=WT+RINGW T + 6  e 6 E - 3  

( P A F Y  I +. 1, e 0 1  33*PRES,  59 1, R I N G F R )  

R E L = R E L  +R I N G F R + l . O E - 3  
C A L L  OSWE ( P A F M I ~ L ~ K I N G W T )  
C A L L  O S F R  ( P A F ~ I I , . 0 1 3 3 * P R E S , 5 , 1 , R I N G F R )  
P A F K I = 1 . 3 6 * P A P G I  

OW T ='/IT +R I N GW T +  0 27 8 * ( P AP G I  :k* 3 0 1 + 1 77:: ( PA P U  I * * 2 0 1 + ( P AP UY + 
1 -5 1 *PAP C I ) + 0 1 4 2'; P AP TY ': ( PA P T I %$' 2 0 1 
REL=REL+RINGFR+.049/PAHII+.O53/PAPUI 
C A L L  OSWE ( P A H I I  ,2 ,RINGWT)  
C A L L  O S F R  ( P A H I I  , . 0 1 3 3 ' k P R E S , 5 , 2 , R I N G F R )  
P A R D I = 2 . 0 * P A P W J  
P ARGK= 1 eO8::P A R D I  
P A R G I  =PARGK*  ( 1 .0+1 .09E-4*PRES)  
P AR AX = .19 :::P AP \.I I 
FARM I = 9  2 5 E - 3 * (  ( F L O W * (  PRES**O. 5 )  ) * * O e  5 )  

OWT=WT +R I N G ~ J T + .  346* (  pAPWJI:::2.0 ) -, 506SPAPWJ*PAPWP+ .092*( P A R G I  %*2.0 1 
1-eO722': ( PARGK**2.0 )+6 .4E-4*  ( PARD 1*+2 .0 )  + e 0 4 5 3 S P A P W  I S (  P A R G  I **2.0 
2-. 03 9 8 9  ( p APW 1 e?; 3 . 0  ) +. 70 5-r ( PARM 1 *::: 3.0 ) 

RE L =RE L +R I N G F  R + 1 5 5 / ( P AP W J *Q 2 0 1 + 4 0 E-4+  
C A L L  OS\IE ( P A R H I  1 , R I N G W T )  

3 64/ PARD 1 +2 8 E -2+ 1 3 E  -3 

WT=WT+RINGWT 

R E L  =REL+R I N G F R  
C A L L  OSWE (PARGK+. l ,  1 ,RIPIGLIT)  
WT = W T + 3.0:x R I N GW T 

C A L L  O S F R  ( P A R M I  , . 0 1 3 3 * P R E S , 5 , 1 , R I N G F R )  
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C A L L  OSFR ( P A R G K + .  l ,PKES,6 ,1 ,91 I \ !GFP. )  
RE L =R f L + 3.0:: R I NGF R 

P A C L K = S 5 e (  1.333' :PACLP 
P A C L W = S 5 * (  2 2 . 5 * ( P A C L P * * 3 . 0 )  ) 

P A C L P = (  . 4 6 2 * P A K G I  ) / ( P R E S * * .  2 5 )  

PAC L R = S5 z' ( ( 2 9 1 E- 5::: ( P R E S:: * 5 1 
P ACKW=S5* 885's ( P A C L K * * 3 , 0  

/ ( PAC L P'zx: 2 0 

PACK R=P A C  LR 
P AC B I =4.66;::P A C L K 
PAC B X =  18 .O*P ACLK 
PAC BW =7 2.0:: ( P A C L K * * 3 . 0  
PAC B R = S 5 * .  2 1 
W T =\,IT +P A C L N  +P A C K W +P A C B W 
REL =REL +P ACL R+P A C  I:R +P ACHR 
PAR J K =  1.7*P A P w  J 
PAR J I = . 0 9 3 5 * ( P A R  JKz ' * : . 667 )  

0 W T = WT + . 0 1 3 9  it ( p AR J K*:: 2.3 3 4 ) + . 0 9 2 4c ( ( PA RG I 4 * 2.0 ) - 1 .13 ::: ( P AP 1.1 I :::: 2.0 1 
1 :: ( P A P W X + P A P 0 X -P AR A X  + - 2  6 6:: p A P T y * ( ( PA F K I :$ 2 . 0 ) - ( PA H I I *'A 2 . 0 

R E L  =REL + 1 . 2 4 E  - 2 /  ( PAR J I *9$2.0 +. 1 2 2 /  PAPLI I 
PAC M K= 1.09 * ( ( F LOW ** .5 / ( pR ES**. 2 5 1 
C A L L  OSWE (PAC1*IK, ~,RING!JT) 
C A L L  O S F R  ( P A C M K ~ P R E S t 5 ~  1 , R I b l G F R )  

OWT =\.IT +R 1 NGW T +  ( .Ob  4 53% ( p AR G I ** 2.0 ) - . 0 1 5 *  ( PA PvJ J * 4 2 . 0  ) f *. 2 5 8 *P AR J I + 

2 . 4 3 * ( P A C k l K * * 3 . 0 )  
1 . 1 1 5  %PACBX:I  ( P A C B  I ** 2.0 ) :F S 5 + .  134:: PARG 1:: ( FLI)!*I/ ( PRES::::. !I ) 1 + 

R E L = R E L + R I N G F R + 3 . 7 8  E - Z / P A C M K + 8 . 0  E - 3 /  P A P Y J + 3 . 1  E - 2 /  PACI4K 
P AD S= P APW P:::: 3.0 * T ANA* ( 2 1.0 5 +  ( 1 . 7 2  E- 3* P R E S ) ) 

P A D S  1=23.4:xP AD S 
W T = WT +TO I L kJ * P ADS 1 
PUWT l = N T  
P R E L l = R E L  
P A L  F = 104 2 5  . 0 / P U P1 S 

2 5 0  I F  ( P A D S - 1 . 4 )  2 5 1 , 2 5 2 , 2 5 2  
2 5 1  S l O = O . O  

2 5 2  S 1 0 = 1 . 0  
GO T O  2 5 3  

2 5 3 OP F AVU = S5 * ( 1 0- S 10 1 * ( 1 6 0 . 8  5 *  ( PA D S + . 0 5 4  ) *%e 1 5 8 2 + 1 4 94 44 f + S 5 * S 10 * ( 
1 4 7 1 . 3 8 + 6 1 2 . 5  1 * P A D S + 1 5 4 e 4 3 / P A D S * 9 ~ 3 . 0 + 4 0 0 . )  + ( 1 . 0 - 5 5  
2 1 2 8 . 6 8 *  ( ( P A U S + . 0 5 4  I** 1 . 5 8  2 + 8 7 5 . 5 5 + 3 8 0 . 0  ) + ( 1 0 - 5 5  
3 49 0.10 *:P AD S+ 12 3 5 4  / P AD 5'::' 3 0 + 3 80 0 
OPF AVD = S 5 *  ( ( 85000  .O+ I t )  *P  F A V U )  * P P P P 2 + 9 3 0 0 0  .O% PPP P 3 
1 6 5 0 0 0 . 0 + 1 8  . O * P F A V U  1 * P P P P 2 + 7 4 0 0 0  . O * P P P P 3  

* (  1 eO-Sl0 1%' 
*S 10* ( 3 7 7  10+ 

+ ( 1 0 - 5 5  'k ( ( 

PFAVT=48.O+PPPP2+19.O*PPPP3+S5*(6.O*PPPP2+4.O*PPPP3) 
PAOP=O e 0  
P F  A F D = P F A V D  
P F A F T  = P F  AVT 
P F  AFU = P F  AVU 
GO T O  9 3 3  

REL=O.O 

ANGL=O.O 

P R E L  1=0 .O 

9 3 1  PuWS=O.O 

WT=O.O 

PUWT 1 = 0  e 0  

P A L F = O  e 0  
PAOP=O -0  
P A D S  1=0 - 0  
PFAFD=O.O 
P F  AFT =O e 0  
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PFAFU=O .O 
933 I F  ( S E N S E  SWITCH 1) 921,922 
92 1 P R I N T  8 30 P RE S 9 A:40 t4 T W T R E L  
9 2 2  PUNCH ~ ~ ~ T P P P P ~ T A N G L ~ , A ~ ~ G L ~ ~ P ~ ~ ~ ~ ~ ~ P U ~ ~ ~ S ~ , ~ ~ T S ~  

PUNCH ~ ~ ~ ~ S ~ , S ~ T S ~ T P P P P ~ T P P P P ~ ~ P P P P P ~ T P P ~  
PUNCH ~ ~ ~ , P P P P ~ , P P P P ~ , F F F F L , F F F F F ~ , F F F F ~ ~ F F F F ~ T P P P P ~  
PUNCH 8 3 O , S S S 2 , S S S 3 , S S S I  , R S P A L ~ R S P A ~ T R S P A ~ ~ T O I L W  
P U hC H 8 30 T K RR R 1 T R R RR 3 RR RR 4 Q O Q Q  1, QQn 0 2  T QQQL! 3 T ViJ A F Q  
PUNC tl 8 30 9 VI1 SFO 9 V F  L R  C T VP N U  I3 9 VHY S 6 9 V WCST 9 VD E V L  9 V PEND 
PUNCH 830 , V K E P R , V L I F P  , V L I  FA,VCYCA,  VOPER 9 V T E S T  T V T C S T  
PUNCH ~ ~ O ( P R E S , A I ~ ~ O M , A C T I I : T  XKUSU9ACTOM,ACTQA VACTQL 
PUNCH 830  9ACTbJT9 ACTK B9 ANAFO, A L  I FE, A C Y C L  T A D C S T  T A U C S T  
PUNCH 830 9 ACVO L 9 ADT I I.1, XKUb!T 9 XRUKB 9 XRlJSD 9 ANUI4B VPKON 
PUNCH 8 30 9 A L L  L X  9 X RUR 1 9 XRUW 1 9  V F A C 3  9 P P P P 9  
PU NC H 8 3 0 9 F V 0 L 9 T W G H T 9 T F A  I L 9 T UC S U 9 T UC S D 9 T MT 1 I 
PUNCH 8 30 ,PUW T 1 9 P R E L  1 T P A L F ,  P A O P T  P A D S 1  9 P F A F D  , P F A F T  
PUNCH 8 3 0 , P F A F U  
I F  ( X - 1 0  - 0  I 3 0 0  9 3009 30 1 

300 X=X+.OOOOl 

820 FORMAT ( 7 E 1 0 . 0 )  

1 5 1  FORMAT ( 5 E 1 3 . 0 )  
3 0 1  S T O P  

GO T O  302 

830 FORMAT ( 7 E 1 0 . 3 )  

END 

TABLE XI11 (CONTMUD) 



I F  ( S E N S E  S W I T C H  112050,499 
2 0 5 0  P R I N T  2000 

P R I N T  2001 
P R I N T  2002 

2 0 0 0  FORMAT ( 4 2 H  O U T P U T  FROM PROGRAM 4 I4OBBLE P L A T E  P U M P )  
2001 FORMAT (37H SYSTEM MOMENT PUMP PUMP 
2002 FORMAT ( 4 0 H  P R E S S U R E  ARM W E I G H T  F A I L  R A T E )  

499 READ 820,PPPPl ,ANGLl ,ANGLZ,PUMSl ,  PUMSZ,S5 ,S6  
R E A D  820,S7rS8,S9,PPPPZ,PPPP3,PPPP4,PPPP5 
READ ~ ~ O T P P P P ~ , P P P P ~ T F F F F ~ , F F F F ~ , F F F F ~ ~ F F F F ~ , P P P P ~  
R E A D  ~ ~ ~ ~ S S S ~ T S S S ~ , S S S I , R S P A ~ , R ~ P A ~ , R S P A ~ , T O I L W  
RE AD 8  20 9 RRRR 1, RRRR 3 9 R R R R 4 ,  QQQQ 1 , QQQQZ 7 QQQQ3 9 VNAFQ 
R E A D  820 t V H S F O t  VF L R C t  VPNUBT VHYSB,  VWCST T V D E V L  T V P E N D  
READ 8 2 0 , V R E P R , V L I F P t V L I F A ~ V C Y C A , V O P E R , V T E S T , V T C S T  
RE AD 8 20 t P R E S , A M 0  M, A C  TI M, XR US U, ACTQM, A C TQA t ACTQL 
READ 820 ,ACTWT,ACTRB,ANAFQ,AL IFE,ACYCL,ADCST,AUCST 
RE AD 820 9 ACVO L 9 A D T I  M 7 XRUWT, X R U R B  9 XRUSD ANUMB 9 VPRON 
R E A D  8 2 0 , A L L L X , X R U R l r X R U W l , V F A C 3 ,  P P P P 9  
RE AD 8 20 9 F v O  L  , T W G H T  , T FA I L T UC S U, TUC SD , TMT 1 I 
R E A D  8 2 0  9 PUW T  1 , P R E L  1 T P A L F  9 PAOP P A D S 1  T P F A F D  P F A F T  
R E A D  8 2 0 , P F A F U '  
x = l  .o 
I F ( S 8  ) 9 3 1 , 9 3 1 , 9 3 2  

9 3 2  PUMS=PUMSZ 
A N G L = A N G L ~  
F L  0 W =A NU 1.1 B * A C T Q A* P P P P 9 
T ANA= S I NF ( ANGL / C o S F  ( ANGL 1 
P W B B l = O . l  

5 0 3  O P H B B P r  ( ( FLOW / ( PUMS* TANA* ( 20 .5 -  1 . 9 2 E - 4 *  P R E S  ) 1- 
1 ( ( ( P W B B 1 * * 2 . 0  I * (  3 . 5 8 - 3 . 4 6 E - 5 * P R E S  1 )  / (  2 0 . 5 - 1 . 9 2 E - 4 * P R E S  

2 ( ( 4 . 4 4 E - 3 3 P W B B l ) / ( 2 0 . 5 - 1 . 9 Z E - 4 * P R E S ) ) +  
3  ( ( 1 . 6 4 E - 5  *PRE S*PW BB 1 / ( ( 1 45*PW B B  1+ 2 6  
4( 2 0 . 5 - 1 . 9 2 E - 4 * P R E S )  1 )  ) * * e  333 

) + 

* ( T A N A * * 2  0 1 $;Pub1 S* 

I F  ( A ~ ~ F ~ P W B B P ~ P W B R 1 ~ ~ 1 ~ O E ~ 5 ~ P I ~ B B P ~ 5 0 1 ~ 5 0 1 ~ 5 0 2  
502 P W B B l = I P W B B P + P W B B 1 ) / 2 . 0  

GO T O  5 0 3  

PWBBK= .84*PW BBP 
5 0 1  P W B B I  =PWBBP*(  3 . 9 8 + 2 . 4 6 E - 4 * P R E S l + . 5 2 3  

P W B B X = 5 . 5 7 * T A N A * (  2 * 9 * P W B B P + .  5 2 3 )  
PWBBJ=2.9*PW BBP+. 5 2 3  
PWBBR=(  1 . 7 4 E - S * P W B B P * T A N A * (  P R E S + * 2 . 0 )  /FLOW 

OWT=.199* (  ( (PWBBI**2.0)- .706:~(PWBBP**Z.O) ) *PWBBX-(95 .5* (PWBBP+*3.0)  
1- 13 -5 * ( PW BBP ** 2.0 1 -3 0 8 * P  W BB P+. 438 1 * T A N A - 9  .O*PW B B X *  ( P  W BBP ** 2 0 ) 1 

R E L  =PW BBR 
C ALL 0 SW E ( P  W BB K 2 R I NGWT 1 
WT=WT+RINGWT 

R E L  =REL + R I N G F R  

PWPER=( 1 . 4 2 E - S * P U M S ) / ( P W B B P )  

C A L L  OSFR ( P W B B K , P R E S t 5 , 2 , R I N G F R )  

PW PE I = l e 5  3 5 E - Z * P W B B P * (  PRES**.  5 1 

OWT=WT+9.0*.95E-6*(PwB6P**3.0 t o (  P R E S * *  1.5') +9.O*(  1 7 6 * P W B B X *  
1 ( P W B B P * * 2 . 0 ) + .  2 4 8 * ( P W P E I * * 3 . 0 )  1 + S 6 * 9 . 0 * (  T A N A * (  . 2 0 6 * (  PWBBP**3.0 ) +  
2 . 0 3 7 2 * ( P W B B P * * 2 . 0  ) 1 )  +S6*( 9 . 7 7 E - 3 * P W B B P * T 4 N A +  (PWBBJ**3 .0  
OREL = R E L + 9 * 0 * P W P E R + 9  e o * (  3 .8E-3*PWBBR+. 9*PWPER ) + S 6 * 9  .O* 
1( 1 . 2 7 E - 2 * P W B B R ) + S 6 * . 0 5  

/PWBBK 

PWBNP=9.13E-3*PUMS*PWBBP*( PWBBJ** .  5 )  
P  W BN R  = ( 8.15 E -4* P UMS / ( P W BNP 

TABLE XIV 

DECK NUMPSFt 8 - WOBBLE PLATE PUMP 
C0MPU"EXi PROGRAM LISTING 
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PbJ P J I = 1.3 3 3% PW 65 J 
P W P J Y  = .04 5 2* P b~ B BP * TA NA:: ( PR E SS <: . 5  ) 
PWP J R =  ( .005;'PUE1S 1 / ( P W B B J  

0 W T = WT +9 . 0 * ( 6.5 E - 2* ( P h'p E I 56:: 3.0 ) ) + .6 1 7;: P !d B B J:: T A I\! A x: ( P I.I U iJ P ::% 2.0 
1 -07 15*PW BiJP* ( PW B B  J** 2.0 ) +. 27:zPW B B  J:: PNBNP* P N  PE I +  .42 8:: ( PtJ BNP**  3 .O 

+ 

2 + 705 *PW B N P *  ( PW P E I ':''E 2 0 ) +. 39 3::: 2W PJ Y:: ( PWBB J*.li:2 0 
RE L =RE L + 9 . 0 * ( 6 6 7 f D W P E R + p W i; idK + 2.0:: P LJ Bid K+ P 14 P J R 
P W PG 1 = ( ( 3.3 2 E - 3* ( p i J B B p ** 3 .o ) + 6.0 E- 4;: ( P 1.1 13 B P::: :: 2 . 0 1 *T  
PWPGP=PWPG1+.225 
PW P P P = l .  1 3 3 * P W P G P  

A:: P R E S ) W .3 3 3 

C A L L  OSWE ( P W P P P 9 2 y R I N G W T )  
OWT=WT +. 10 3*TA i \A*  ( PklP J I **3 .O ) +.@54:: ( PNPJ  I + * 2  e 0  * ( P N P J Y  +. 3 3  + 
1 191*( PW PGP*;'3.0 I - .  377*( PWPG1**3 .0)  + 2 . 7 7 E - 2 *  ( PWPGP**3.0 ) +  
2 04 5 2 * ( P W PG P':';' 3 0 1 +R I IlG'dT 

C A L L  O S F K  (Pb lPPP T e 0 1 3 3 : : P R E S ~  59 2 9 R I N G F R )  

C A L L  0 Sb! E 
C A L L  OSFR 

K E L = K  E L + 2.0 *P  W P ER + .8 ::P !4P J R + . 1 3 3 31:PW PG P+ 8.9 E - 2 ::PI.i PGP + R  I I\! GF K 
( PI4 PGP T 2 9 R I NG 11 T ) 
( PlJPGP 9 e 0 1  3 3 * P R  ES9  59 29 K I N G F R  

PW P I R =  ( 2.66 *PUMS* T A N  A 1 / ( PR ES*  ( P WBB P ) 
OW T = WT +R I N GW T+ 1 3* K I NG W T+ ( ( 4 2 3 E- 5* PR E S g  ( PtJB B P':::2 0 1 1 / T  AN A 1 + 
1 1 5 7 E - 2:: ( P LJ P J I ** 2 0 1 - ( 4 6 S E- 6* PK E S* ( P W B B P* * 2 0 1 
2 5 . 6 R E - 2 * ( P W P G P ~ ' * 2 . 0 ) + 3 . 3 ~ E - 3 ' ~ P W P G P + l . 3 8 ~ - 2 * ( P ~ ~ P G P * ~ ' 2 . 0 ) +  
3 S 6 * ( 2 . O E - 3 * ( F L O W * * 1 . 5 ) ) / ( P ~ E $ ' : * . 7 5 ) + S 6 * 5 . 2 7 E - Z * P W B B X ~ ( P W ~ B K * * Z . O )  

/ T AN A+ 

0 R E L = R E L +R I iJ G F R +R I NG F R +P W I' I R + 4.0 * PW P I R+ 1 3 3 E - 2;: P I.1 P C; P + 
1 1 7 7 5  E -2*PW PGP +5 62 E - 2 /  P W PG P + S 6 *  ( 9 7 5 E-2':: ( FLObl;:* 5 
2 + S 6 * 1  2 5 E - 2 / P W B B K  

/ ( P RE Sa'* 25 1 

C A L L  OSWE ( P W B B K T  ~ T R I N G ~ J T )  
C A L L  OSFR ( P W B B K T P R E S , ~ , ~ ~ R I N G F R )  
P W C H I = l .  2 5 E - 2 *  ( PWBBJ** .  333 ) *  ( PWBBK** .667 ) *  ( PRES** .333  
PWC I I = l e  Z Z S * P W B B J  
PWC I R=. 11 25 /PW B B J  

OWT =WT +S6*R I NGWT+S6*  ( 6 . 6 7 E - 4 3  ( PWBBJ** 1.67) * ( PL.JBBK** 1 333 
1 ( P R E S * * . 6 6 7  
O R E L = R E L + S 6 * R  I N G F R + S 6 *  ( 4 . 0 5 E - 3 /  ( P W C H I * * Z  0 )  + ( 1 . 3 3 3 E - 4 * (  P W B B J * * 2 . 0  
l / ( P W C H I * * 3 . 0 ) + P W C I R )  

* 
+97 eo*( P W C H I * * 3 * 0  )+. 5 4 6 * P W C H I *  ( PWBBJ**2 .0  ) ) 

C A L L  OSWE ( P W C I I  T ~ T K I N G I ~ T )  
C A L L  OSFR ( P W C I I  , P R E S T ~ T ~ T R I N G F R )  

PWCLW=4*69E-Z*PW CH I *( PWBBJ**Z.O ) 
P W C L I = .  1 8 9 * P W B B J  

PWCLR=3.375E-Z /PW B B J  
WT =WT+S6*  ( R I NGW T + 4 . 0 6 *  ( P WCH I **3.0 ) +PWCL W 
R E L = R E L  + S 6 *  ( R INGFR+.  0 14+PWC LR 1 
C A L L  OSWE ( P W C L I  T ~ T R I N G W T )  
C A L L  OSFR ( P W C L I T P R E S T ~ T ~ ~ R I N G F R )  
WT =WT+S6*  ( R I N G W T + .  147*PWCLW+5.75E-Z*PWBBX* ( PWBBK**Z e 0  ) 
P WC BR = 0 1 25 /P  W BBK 
R E L  =RE L + 56 * ( R I NGFR + 66 7* PW C LR+Z.O* PW CBR 1 
C A L L  OSWE ( P W B B I  92 ,R INGWT)  
C A L L  O S F R  ( P W B B I  T P R E S T ~ T ~ , R I N G F R )  
P W V H I  = P w B B I  * (  1 . 0 + 1 . 5 1 6 E - 4 * P K E S )  
PWHF I = 9  l l E - Z * (  FLOW**O 5 

. 

OWT=WT +3.0*R I NGW T+ 3 9 4 * R  I NGWT+6.1 E - l *  ( PWBB P0*3..0 
1/ (PRES** : . . 75  +2 .3E-Z*  ( P W C I  1**3.0 + P R E S * (  PWBB I * * 3  e 0  * ( 1 . 0 3 E - 5 +  
2 1 8 7 5  E - 9 * P R E  S +  1 1 E - 1  3* ( PR ES**Z  .O*))  + 8 . 6 E - 4 *  ( PWBBP**3  - 0  ) '; 

+ ( 1 5 *  ( F L O W * * l  5 

3(PRES**.667)+2.34E-6*(FLOW**l.5) 

19 .0* (1 .87 / (PWBBP* (PRES** .667 ) )+1 .36=PWCIR+.Z24 /P~JBBI  
OR E L=R E L  +3  0 *R I N GF R +R I NG FR +9 0 %  ( 5 95 E - 3 /  PWBB P 

2 + 7 . 2 5 E - 4 / P W H F  I 

+ 

C A L L  OSWE ( P W H F I T Z P R I N G W T )  

TABLE XIV (CONTINUED) 



C A L L  U SFR ( PI.!HF I 9 0 1 3 3 * P 2  E S  T 6 T 2 T R I NGFR 
OHT =I4 T + R  I N GI I T + ( 2 3 2 X: ( F L 0 il’t4 1 5 
1 0 1 1 * ( P WV H I *X: 3 0 1 + ( P W BR I ** 2 0 1 * ( 0 2 98:; Pi4 E 6 X +  1 5 ‘:‘P W 
2 -  0 1 13 P W V H I 1 -. 096 7 * P !! P JY ::: ( P b! P J I ** 2 0 

1 / ( P R E S:::: 7 5 ) + 1 4’6 ( P I  I tI F I ’: * 3 0 + 
J Y + 0477 :: PW BE I -. 043 6:: PI4 B B I ( P W PG P‘;‘: 2 0 

R E  L =R E L  +R I NGF R + 3 3 / P  W BB I 
P W D S =T AN A:: ( ( 20 - 5  ‘6 P W B €3 P ;’* 2 0 
PWDSl=17.2 ;CPWDS 

+ ( 3 7’; P W B B P%‘* 2 0 1 1 

WT=WT+TOILW~:PADSl  
PUWT 2=W T 
P R E L 2 = R E L  
P W L F = 3 175.0 / P UI4S 
P I N F T  =4 8 . 0 ;CP P P P 4+ 19 . 0 * P P p p 5 + S 6:k ( 6.0* P P P P 4+ 4.0 :k P P P P 5 1 

0 P I N FU = S 6  * ( 9 1 1 8 4+ 20 7 9 5* P W D S %  X: 0.5- 5 1 5.2 2;C P W D S + 44 5 0 3 * P WD S‘:* 1 5 + 
1400 00 ) + ( 1 0-56 1 * ( 7 10 28 + 1 6 1 98* PWD SQ‘: 0.5-40 1 33 v P N D S  +346 66 +PW DS 
2 * * 1 . 5 + 3 8 0 . 0 )  
OP 114 F D  = 56 * ( ( 6 6 000 0 + 18 *P I hl F I J  1 * P P P P 4 +  88 5 OO.O* P P P P 5  
13OOOO.0+18.0*P I N F U  ) * P P P P 4 + 6 9 0 0 0  .O*PPPP5 

+ ( 1 0-S 6 ’6 ( ( 

GO T O  933 

REL=O.O 
AtdGL=O.O 
PUMS=O.O 
F LOW=O 0 
PUWTZ=O.O 
PREL2=O.O 
PWLF=O.O 

P INFD=O.O 

P I h  FU=O .O 

9 3 1  WT=O.O 

PWDSl=O.O 

P I N F T  =O 0 

933 PWOP=O.O 
I F  ( S E N S E  S W I T C H  1) 9 2 1 , 9 2 2  
P R I N T  8 30 t P RE S T A 140 14 T WT T K E L  
P u  NC H 8 30 9 P P P P  1 T A FIG L 1 T Ah1 G L  2 T P u  M s 1 T P u  f.1 s 2 9 s 5 9 s 6 
P u f d c  H 8 30 T s7 T S8 T s9 T P P P P  2 T pppp 3 T ppp p 4  9 p p p p 5  
PUNCH B ~ O T P P P P ~ T P P P P ~ T F F F F ~ T F F F F Z T F F F F ~ T F F F F ~ T P ? P P ~ .  
PUNCH 8309 S S S ~ T  55539  SSSI  v R S P A 1  pRSPA2,  R S P A 3 t T O I L W  
PUNCH 830 VRRRR 1 T R R R R ~ T R R R R ~ T  Q Q Q Q l  t Q Q Q q 2  (QQOQ3 T V N A F Q  
P U N C H  ~ ~ O ~ V H S F O T V F L R C ~ V P N I I B ~ V H Y S B , V W C S T  T V D E V L  T V P E N D  
PUNC H 830 9 VREPR T V L  I F P  T V L  I F A T  VCY CA T VOPFR T V T  E S T  9 V T C S  T 
P U N C H  8 30 7 F V O  L 9 TWGHT 9 TFA I L t  TUCSUT TUCSO T T14T1 I 
PUNC H 8 30 9 P R E  S 
P U N C H  8309 ACTWTq A C T R B T A M A F Q T A L I  F E 9  A C Y C L  T A D C S T  T A U C S T  

8 3 0 9 A L L L X  TXRUR ~ T X R U W ~ T  V F A C 3 ,  P P P P 9  

~ ~ O T P F A F U T P U W T ~ T P R E L ~ T  PWLF,  PWOP, P W D S l  t P I N F D  
830 9 P I N F  T T P I El F U  

92 1 
92 2 

A b10 K 9 ACT I M 9 XR U S  U T ACT Q M T A C T  QA 9 A C T  QL 

PUNC H 8 30 9 ACVO L 7 ADT I M T  XR UkIT T XR UR B T XRUSD A NUl.it3 9 V PRON 

P U k C H  ~ ~ ~ T P U W T ~ T P R E L ~ T P A L F T P A O P T P A D S ~ T P F A F D T P F A F T  
P U N C H  

P U N C H  
PUNC H 
I F  ( X - 1 0 . 0  1 2 0 5 ~  2 0 5 ~  206 

205 X=X+.OOOOl 

200 FORMAT ( 2 E 1 2 . 3 )  
2 0 1  FORMAT ( 5 E 1 0 . 3 )  
500 FORMAT ( 5 E 1 0 . 0 )  
820 FORMAT ( 7 E 1 0 . 0 )  
830 FORMAT ( 7 E 1 0 . 3 )  
206 S T O P  

GO T U  499 

END 

TABLE XIV (CGNTIKUED) 



68 

2050 

2 0 0 0  
2 0 0 1  
2002 

499 

8 6 2  

I F  ( S E N S E  S W I T C H  1 ) 2 O 5 O T 4 9 9  
P R I N T  2 0 0 0  
P R I N T  2001 
P R I N T  2 0 0 2  
FORi4AT ( 4 6 H  O U T P U T  FR0t.I PROGRAK 5 H Y D R A U L I C  I N T E N S I F I E R )  
FORMAT ( 3 9 H  S Y S T E M  M (If4 E ;\1 T I N T E N S .  I N T E N S .  1 
FORMAT ( 4 0 H  P R E S S U R E  ARM I d E I G H T  F A I L  R A T E )  
RE AD 
R E A D  
READ ~ ~ O T P P P P ~ T P P P P ~ ~ F F F F ~ T F F F F Z T F F F F ~ T F F F F ~ T P P P P ~  
R E A D  820, S S S ~ * S S S ~ T S S S I T R S P A ~ T R S P A ~ T R S P A ~ ~ T D I L ~ !  
RE AD 8 20 9 R R R R 1 T R R R R 3 T R R R R 4 T a OOQ 1 T QQO 0 2  T (J 0 QU 3 T V NA F Q 
R E  AD 8 2 0  9 VH SF 0 9 VF LR C 9 VP VU B T VHY S B 9 V WCS T T VD EVL T V P E iJD 
READ ~ ~ O , V R E P R T V L I F P T V L I F A T V C Y C A T V O P E R T V T E S T T V T C S T  
R E A D  
RE AD 

8 20 T P PP P 1 T ANG L 1 T AN 6 L 2  T PUNS 1 T PU b1 S Z  T S 5 9 S 6 
8 2 0 9  579 s 8 ,  s9 T P P P P ~ T ? P P P ~ ,  p P p P 4 ~  P P P P 5  

8 2 0 9 F V O L  9 TWGHT, T F A I  L y  TUCSUV T U C S D , T H T l  I 
8 2 0  T P RE S T AMO M T ACT I 1.1 T XR lJS U T ACTQM T ACTQA 9 ACT OL 

R E A D  ~ Z ~ T A C T W T T A C T R B , A N A F Q T A L I F E T A C Y C L T A D C S T * A U C S T  
READ 8 2 0  ACVOL T A D T I  MTXRUWT T X R t I R B T  XRUSD ,ANUi4B TVPROr.I 
R E A D  
READ ~ ~ O T P U W T ~ T P R E L I , T P A L F T P A D S ~ , P F ~ F D , P F A F D T P F A F T  
R E A D  ~ ~ O T P F A F U T P U W T ~ T P R E L Z T P W L F T P W O P T  P W D S l t P I N F D  
READ 
x=1.0 
I F  ( S 9  1 8 6  1 ~ 8 6  1 ~ 8 6 2  
P UM s = PU M s 2 
S 6 = 0  .O 
AN GL = AN GL 2 
F L 0 W = ANU E4 B* A C TQ A *  P P P P 9 
TANA=SINF(ANGL)/COSF(ANGL) 
PI4 B B 1 = 1 0 

8 2 0 r i \ L L L X  T X R U R l  9 X R U W l  T V F A C 3 y  P P P P 9  

820 9 P I N F T  T P I N F t l  

5 0 3 0 P H B B P =  ( [ F L O W  / (  PUMS*TAPJA;' ( 2 0 . 5 - 1 . 9 2 E - 4 * P R E S  ) 1 1- 
1 [ ( ( P W 8 B 1 'k * 2 0 ) * ( 3 5 8 - 3 4 6 E-  5:: P R E S 1 ) / ( 2 0 5- 1 9 2 E - 4  26 P RE S 1 ) + 
2 (  (4*44E-3*PWBBl)/(20.5-1*92E-4*PRES) ) +  
3 ( ( 1 6 4 E - 5 * P R E  S*PW 68 1) / ( [ 1 45:rPWBB 1+. 2 6  1 * ( TAbIA**2  e 0  ) *PUM S* 
4 ( 2 0 . 5 - 1 . 9 2 E - 4 * P R E S )  1 )  )*$'.333 

I F  ( A B S F  ( P W B B P - P W B B 1 ) - 1 ~ 0 E - 5 ~ ' P W B B P 1 5 0 1 ~ 5 0 1 ~ 5 0 2  
P I4 8 B 1 = ( PW B B P  +P W B B  1 1 / 2 0 5 02 
GO T O  5 0 3  

PWB BK=2.0*PW BBP 
P W B B X = 5 . 5 7 * T A N A + (  2,9*PWRBP+,523)  

P W B B R = (  1 . 7 4 E - 5 * P W B B P * T A N A * (  P R E S * * 2 . 0 )  ) / F L O W  

5 0 1  P W B B I = P W B B P * [  3 . 9 8 + 2 . 4 6 E - 4 * P R E S 1 + . 5 2 3  

PWBBJ=2*9*PW BBP+. 5 2 3  

OWT =. 1 8 5  * ( ( ( PW BB I ** 2 0 1 -. 70 6* ( PW B B  P** 2 e 0 1 ) * PkJB B X- ( 9 5  5 * ( Pb! B 8 P  ** 3 0 
1 - 1 3 . 5 * ( P W B B P * * 2 . 0 ) - 3 . 0 8 * P W B B P + . 4 3 8 ) ~ T A N A ~ 5 ~ 5 ~ ~ ~ P W B B X ~ ~ P W E ~ P ~ * 2 ~ 0 1  1 

R E L  =PW B 6 R  
C A L L  OSWE ( P H B B K T Z ~ R I N G W T )  
WT =WT+R INGW T * 2  .O 
C A L L  OSFR ( P W B B K T P R E S T ~ , ~ ~ R I N G F R )  
REL =REL+RINGFR*Z .O 
W T = W T +9 0 ;' ( 1 76 * P W B B X * P GI B 8 P * * 2 0 
R E L  =REL +9 . O * l .  4 2 E - 2 * P W B B R  
C A L L  OSWE ( P W B B I T ~ T R I N G W T )  

C A L L  OSFR ( P W B G I T P R E S ~ ~ T ~ T R I N G F R )  
R E L  =REL +R I N G F R * 2  0 
W T = WT + ( 2 42 * ( P W BBP ** 3 0 

MT = W T +R I N G W T2; 4.7 8 8 

) + ( 1 6 2 E- 3* ( P W B 8 P:r* 3 0 1 * ( P R E S ** 6 6 7 

TBBLE XV 
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RE L =RE L + ( 2 3 6  E -2 / P W R B P 1 + ( 7 5 / ( P !J 8 E P': ( P RE S *': 6 6 7 
P W V H I = P k ! B B I * (  1.0+( 1 . 5 1 6 E - 4 > : P R E S )  1 

OWT =WT + ( . 3 +  ( F LOW ** 1 5 7 5 
1+ ( ( PN BB I *I 3 0 ) *PR E S* ( 2 0 6 E- 5+  3 7 5  E -  9::: P RE S+2 2 E- 1 3 ::' ( P KE S'r* 2 0 ) 1 

/ ( P R E 

PWHF I = . O 9 l l * ( F L @ k l * * .  5 1 
WT =WT + 2  . 3 4 E  -6 :* ( F L o  5.1:X:k 1 . 5 ) 
RE L =RE L + .8 96 /P  I.i B R I + 7  2 5 E - 4 /  P!4H F I 
C A L L  OSWF ( P k ~ H F I t 2 t 9 I N G " T )  

C A L L  0 SF R 
WT =W T +R I N GkJ T 

R E L  = R E L  +R I N G F R  
( PkI HF I 7 0 1 3 3:: P R E S T 6 T 2 7 F. I N GF R 

OWT =k!T + ( . 2  3 2 :: ( F LO\{::::: 1 . 5 ) / ( PR E S >: 0 . 7 5  ) ) + ( . 14 9::: ( P WHF I **:3 . 0 
I+( . 0 2 2 + ( P W V H I 3 : : 3 . 0 )  I + (  (P\,!BBI::::I2.0)::( .029C:::Pi~BBX-.022*PWVHI 1 1  

R E L = R E L + 3 3 / P W B B I 
P I D  S=T AN A#: ( ( 20 5 * P  bJ BBP:::::' 2 e 0 
P I D S 1 = 17 2'::P I DS 

+ ( 3 7 *  Pkl EB P'tZ'2 0 ) ) 

W T = W T + T O I L ! d * P I D S l  
P RE L 3  =REL 
PU W T 3 = W T 
P I L F =  3 2 2 0  .O*P\ {BBp / ( p UHS* T A N A *  ( 2.9* P'/!,JBD P+ 5 2  3 
P T R F T z 4 8  . O % P P P P 4 +  19 oO:::PPpp5+S6* ( 6 - 0 1  P P P P 4 + 4 . O * P P P P 5  1 

O P T R F U = S 6 % ( 9  1 1 . 8 4 + 2 0 7 . 9 5 * P  I D S C * O . 5 - 5 1 5 . 2 2 ~ 6 P I D S + 4 4 5  m034'P I D S * * 1 . 5 +  
~ 4 0 0 . 0 0 ) + ~ 1 ~ 0 ~ S 6 ~ + ~ 7 1 0 ~ 2 ~ + 1 6 1 ~ 9 8 * P ~ D S ~ * 0 . 5 ~ 4 0 1 ~ 3 3 * P 1 D S + 3 4 6 ~ 6 6 * P 1 D S  
2 * * 1 . 5 + 3 8 0 . 0  
O P T R F D = s 6 +  ( (6600@.0+18 . * P T R F U  ) * P P P P 4 + 8 8 5 0 0  . O * P P P P 5  1 +(  1.0-56 ) *  ( ( 
1 3  0000 .O + 1 8 . 0 * P  TRF U 1 * PP P P 4 + 6 9  000 0:: p p p  p 5 ) 

GO T O  8 6 3  
86 1 PUWT3=O e 0  

P R E L 3 = O  .O 
P I L F = O  e 0  
P I w P=O .o 
P 1-10 P =o . 0 
P I D S  1=0.0 
PTRFT=O.O 
PTRFU=O.O 

WT=O,O 
P T R F D z O  e 0  

R E L = O  e 0  
8 6 3  PUWT2=PUWT3+PUWT2 

P R E L Z = P R E L 3 + P R E L 2  
PWL F =P I L F +PW L F  
P I N F T  =P TRF T+P I N  F T  
P I N F D = P T R F D + P I N F D  
P I N F U = P T R F U + P  I N F U  
PWD S l = P W D S l + P  I D S l  
S 8 =S8 + S 9  
P I W  P =o .o 
I F ( S E N s E  S W I T C H  1 1 8 5 1 ~ 8 5 2  

8 5  1 P R I N T  8 3 0 1 P R E  S ~ A M O M T W T  T R E L  
8 5 2  PUNCH ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ F F F F ~ ~ F F F F ~ ~ F F F F ~ I F F F F ~ T P P P P ~  

PUNCH 8307 s S s 2 9  SSS3, S S S I  I R S P A ~ T R S P A ~ T R S P A ~  V T O I L W  
PUNCH 8 3 0 1 R R R R 1  T R R R R ~ T R R R R ~ T Q O Q Q L T  QQor3.2 T C I Q Q Q ~  T VIJAFQ 
PUNCH 830 VVHSFO T V F L R C T U P N U B T  VHY S B T  VWCST 9 V D E V L  T V P E N D  
PUNCH ~ ~ O ~ V R E P R T V L I F P T V L I F A T - V C Y C A ~ V O P E R T V T E S T T V T C S T  
PUNCH 830 , P R E S (  A I ~ O M T A C T I  MI X R U S U t  ACTQMT ACTOA T A C T O L  
PUNCH ~ ~ O ~ A C T W T T A C T R B T  APJAFQ T A L I  FE ,  ACYCL T A D C S T  T A U C S T  
PUNCH 830 I ACVO L I ADT I M, XR UW T I XRUR B t XRUSD 9 ANUI.1B I V PROrd 
PUNCH 8 3 0 9 A L L L X  TXRUR 11 X R U W l  T V F A C ~  
PUNCH 8 3 0 r F V O L  I T W G H T I T F A I L I  TUCSUI T U C S D T T M T l  I 

TABU xv (CONTINUED) 
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PUNCH 
PU NC H 

8309PUWTl9PRELl  VPALF, PAOPT PADS1 9 PFAFDpPFAFT 
8 30 9 PF AF U 9 P U W T 2 9 P R EL 2 9 P W L F t PWO P 9 PW D S 1 9 P I I\J FD 

PUNCH 
PUNCH ~ ~ ~ T P U \ * I T ~ V P R E L ~ ( P I L F T P I W P T P I D S ~ T P T R F T ( P T K F U  
I F  

8 3 0  ( P I N F T T P I N F U T P P P P ~ T S ~ ,  S89 S99 PTRFD 

( X - 1 0  e 0  1 2 0  5 9 20  5 9 206 
205 X=X+.OOOOl  

401  FORMAT (2E12.3)  
4 0 2  FORMAT (4E12.33 

GO TO 499 

8 2 0  FORMAT (7E10.0)  
8 3 0  FORMAT (7E10.3)  
2 0 6  STOP 

END 

TAELE )[v (CONTINUED) 



71 

*L I S T  
I F  ( S E N S E  S W I T C H  1 1 2 0 5 0 , 9 6 0  

2050  P R I N T  2000 
P R I N T  2001 
P R I N T  2002 

2000 FORMAT ( 3 2 H  O U T P U T  FROM PROGRAM 6 F I L T E R )  
2001 FORMAT ( 3 8 H  S Y S T E M  MOMENT F I L T E R  F I L T E R )  
2002 FORMAT (40H P R E S S U R E  ARM W E I G H T  F A I L  R A T E )  

960 WEIGHT=O.O 
R E L  I A B=O .O 
R E A D  ~ ~ ~ , P P P P ~ , P P P P ~ , F F F F ~ ~ F F F F ~ T F F F F ~ , F F F F ~ T P P P P ~  
READ 8209 S S S 2 ,  SSS3, SSSI ,!?SPA1 ,RSPA2,  R S P A 3  9 T O I L W  
RE AI) 8 20 9 RRRR 1 7  RRRR 3 9 RRRR 4 9 Q QQQ 1 t QQQQ2,  QQQQ3 V N A F  Q 
R E  AD 8 20 9 VH SFO 9 VF L K C  9 VPNUB 9 V H Y S B  p VWCST 9 VD E V L  9 VPE ND 
READ 8 2 0 , V R E P R T ~ ~ I F P , ~ L I ~ A , V C ~ C A , V O P E ~ , V T E S T , V T C S T  
R E AD 8 20 9 P R E S 9 A MO PI 9 A C T I 1.1 
R E A D  820 ,ACTWT, ACTRB,ANAFQ,AL I  F E v  A C Y C L  ,ADCST ,AUCST 

R E A D  820rALLLX,XRURl,XRUWlvVFAC3 
R E A D  8 2 0 , F V O L  ,TLIGHT, TFAI L, TUCSU,  T U C S D , T M T l  I 
RE AD 8 2 0  9 PUW T 1 ,PREL 1 P A L F  9 PAOPI P A D S 1  9 P F A F D  , P F A P T  
R E  AD 8 20 9 P F  AF U P U w T 2  p R E  L 2, PWL F, PWOP, PWDS 1 v P 1 N F 9  
R E A D  G Z O , P I N F T T P I N F U , P P P P ~ T S ~ , S ~ , ~ ~ , P T R F D  
R E  AD 820  9 P U w T 3 ,  P R E L 3  p I LF, P I  W P, P I  DS1 ,  P T R F T  9 P T R F U  
x = l  .o 

7 4 1  I F  ( F F F F 1 ) 9 3 1 , 9 3 1 , 9 3 2  

XR US U 9 A C T QM , A C T Q A 9 A C T QL 

RE AD 8 20, ACVO L A D T  I M , XR U W T , XR UR B , X RUS 0 A N U I W  9 V P RON 

932 FLOW = A C T Q A * F F F F 2  
FOBOW=2.05E-6*:PRES~FLOIJ::::: 1.5 
F06 OR= 1 8 1 4 E  -4*F LO W /  FOBOW 
FOBO J= . 324::F Low**O. 5 
FOB 0 I = F O  BO J + 2 2 7 E - 5 3  F L  0 W **O 5:: PR E S 
FOEOW=.0202*FLOW 
FOW OW =FO BO JU* 3.0 * . 00 48 

C A L L  OSWE ( F O W I ,  1 9 R I N G W T )  
C A L L  O S F R  ( F o B o  I ,PRES, 5,1, R I  NGFR 1 
FOHPW=RINGWT 
F O H P R = R I N G F R  

F f l S O ~ ~ = . O O 1 6 1 * F O B O J * ~ ~ ~ ~ 3  

F D B  OW = -0 87 :tFO BOW 
F D B O R = e 0 0 8 / F O B O  J 
C A L L  OSWE ( . 6 2 3 * F O D O J , l i R I N G W T )  
C A L L  O S F R  ( 6 2 3 * F O B O  J 7 20 9 5, 1, R I N G F R )  
R E L I A B = R E L I A B + R I N G F R  
WE IGHT=WE I G H T + R I I ' l G \ I T  
C A L L  OSWE(.413*FOBOJ,lrRINGWT) 
c ALL O S F R  ( 41 3*F080 Jt 20.. 5.1. R INGFR 
FDBLW=2.O*RINGI.IT 
F D B L R = 2 . 0 * H I N G F R  
FDROW=O.O875*FDBOW 
F I B O W = . O l 0 6 + 3 . 5 3 E - 6 * P R E S  
F I B A W =  .0004 

R E L I A B = R E L I A B + R I N G F R  
C A L L  O S F R  ( e 5 5  I r P R E S ,  29 1 , R I N G F R  1 

ORELIAB~R~LIAB+FOBOR+~1834=FOEOW+.012/FOEOW+~Ol2 /FOBOJ+~OO83/FOBOJ+~Ol9 /FO8OJ 
1+FO BOR+FOHPR+. 33*FOHPR+FDBOR+FDBLR*  1 6 7 + F D B L R +  .03O/FOBO J+FDBOR+ 
2.428*FDBOR+.0035+.00077/ ( F I  BOW**. 3 3 3 )  +: 009+.030+ . 3 3 3 * F  IBAW+.030+  
3 -00  1+ 0 0 2 + . 0 0 4 + 1 6 . 8 / P R E S + .  008+. 025+  @09+ e 0 1 0  

TAm-WI 

DECKNUMBEX 10- FILTER '... '1. . . 
CCWUTER PROGRAM LISTING 
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O W E I G H ~ ~ W E I G H T + F O B ~ ~ + F O E ~ W + F O W O W O W + . 2 2 5 ~ F O W O W + F O S O ~ + 2 ~ l ~ * F O B ~ W + F O H P l ~  
1+ 1 125XcFOHPW +F DBO!J +FDBLW+FDBLW/ 2.0+3. ?*FOSOW+FDROW+FDROW+F I BOW + 
2 F  IBAW +a000 1+.0003+F 16AW+.OO03+.0038+. 0 0 1  7+ .0006+4.OE-l3*PRE S**3.0+ 
3.003 2+ .OOO l+. 0 1 7 9 +  .OO 3 6  

F I VO L = .09 5 5 2 5 * A  C TQ A* A NU til 844 I. 5-. 0 7 0 7  1 * ACT Q A * A NU 1.1 B 
FWGHTzWE IGHT+F IVOL*TOI  LN 
FFAIL=REL I A B  
FPORTzTMT 1 I * ( FFFF 2'~ANUblB/2 1 *+O 5 
F UC SU = ( 56. + 280. *F POR T+9 1 / F PORT** 2 0 1 * F F F F 1 
FUC SD= ( 15000.+10 .:*FUCSU)'~FFFF3+42OOO.*FFFFF4 
GO TO 9 3 3  

9 3 1  FUCSD=O.O 
FUCSU=O.O 
F IVOL=O - 0  
FF A I  L = O  - 0  
FWGHT =O .O 

9 3 3  I F  (SENSE SWITCH11 8 2 1 , 8 2 2  
82 1 
822 PUNCH 83O,SSS2,SSS3,SSSI , R S P A ~ , R S P A ~ ~ R S P A ~ T T O I L W  

PRINT 8 3 0  9 PRE S T AI40M T FWGHT T FFA I L 

PUNCH 8309RRRRl,RRRR3rRPRR4, Q Q Q Q ~ T ~ Q ~ ~ ) ~  T Q Q Q P ~ T V N A F Q  
PUNCH 8 3 0  TVHSFO, VFLRCt VPNUR? VHYSB, VWCST TVOEVL TVPEND 
PUNCH ~ ~ ~ ~ V R E P R T V L I F P T V L I F A T V C Y C A , V O P E R , V T E S T T V T C S T  
PUNCH 830vPRES7 A M O M I A C T I M T X R U S U ~ A C T Q M ~ A C T Q A T A C T Q L  
PUNCH 
PUNCH 
PUlUCH 83OrALLLX TXRURLT XRUW19 VFAC3 
PUNCH ~ ~ ~ T F V O L , T W G H T T T F A I L T T U C S U T T U C S ~ T T ~ ~ ~ T ~ I  
PUNCH ~ ~ ~ T P U W T ~ , P R E L ~ T P A L F T ~ ~ ~ P T P A D S ~ T P F A F D T P F A F T  
PUNCH 8 3 0  T P F AF u T P UWT 2 7 P R EL 2 T L F 7 PWO P T P WD S 1 T P I h F D 
PUNCH ~ ~ ~ T P I N F T T P I N F [ J T P P P P ~ T ~ ~ T ~ ~ T ~ ~ T P T R F D  
PUNCH 8 3 0  9PUW T39 PREL3 ,P I LFY P I  W P t  P I D S 1  9 PTRFT T PTRFU 
PUNCH ~ ~ O T F W G H T ~ F F A I L T F I V O L T F U C S U T F U C S D T F F F F ~ T P P P P ~  

830,ACTW T T  ACTRBTANAFQT A L I  FETACYCL TADCST TAUCST 
8 30 9 ACVOL T ADTI N 9 XR IJWT 9 XR UR B 9 XRlJSD T ANUIvIY T V  PRON 

I F  ( x - 3 . 0 ) 9 5 0 T 9 5 0 7 9 5 1  
9 5 0  X = X + . O O O O O l  

8 2 0  FORMAT ( 7 E 1 0 . 0 )  
830 FORMAT (7E10.3)  
9 5 1  STOP 

GO TO 960 

E N D  

TABLE XVI 
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2 0 5 0  

2 000 
2 002 

730 

97 1 

972 

I F  ( S E N S E  S W I T C H  1)2050,730 
P R I N T  2000 
P R I N T  2002 
FORMAT ( 4 6 H  O U T P U T  FROM PROGRAM 7 R E S E R V O I R - A C C U I 4 U L A T O R )  
FOR:<lAT ( 4 0 H  P R E S S U R E  AR M W E I G H T  F A I L  R A T E )  
R E A D  8 2 O ~ s S s 2 ,  S S S ~ , S S S I , R S P A ~ , R S P A ~ T R ~ P A ~ T T D I L ~ . ~  
R E A D  820 r R K R  1 r R R R R 3 r R R R R 4 t Q Q Q O l  , QQQQ2r  00003 ( V N A F Q  
R E A D  8 2 0 t V H S F O t V F L R C t V P N U B , V ~ Y ~ B ~ V l ~ c ~ T , V D E V C  T V P E N O  
READ 820 ,VREPR ,VL I F P  7 V L I  F A T  V C Y C A T  VOPER TVTESTIVTCST 
R E A D  8 Z O , P R E S , A M O M t A C T I M ,  XRUSU,ACTQM, A C T Q A t A C T W L  
R E A D  8 2 0 , A C T W T , A C T R B , A N A F C . ! , A L I F E , A C Y ~ L , A ~ C S T T A U C S T  
RE AD 8 20, ACVD L, A D T  I M, XRUWT, XRUR 5, XRUS D T A I W M B  T VPRON 
RE AD 8 20 t A L  L L X  ,XRUR 1 t XRUW 1 t V F A C 3  
R E  AD 8 2 0  
R E A D  820 , P U W T l , P R E L  1, P A L F  T P A O P T  P A D S  1, P F A F D  9 P F A F T  
R E  AD 8 20 , P F AF U , P I J W  T 2  P I N F D 
READ 820 , P I N F T T P I N F U T P P P P ~ ~  s77s8, 59, P T R F D  
R E  AD 8 20 T P Uw T 3  P R E L  3 
R E A D  8 2 0 r F W G H T , F F A I  L I F I V D L ~  F U C S U t  F U C S D , F F F F 1 9  P P P P 8  
I F  ( s7+s8+s9 1 97 17971 7972 

F V O L  9 TwGHT,  T F A I  L 7 TUCSU,  TUCSD 9 T H T 1  I 

P R E L  2 7 P W L F 9 PI4 O P P IJ D S 1 

p 1 L F , p 1 I4 P , P 10 S 1 , P T  R F  T 9 P T  R F U  

RAWGT=O.O 
R AF AL =0.0 
RAPCU=O. 0 
RAPCD=O.O 
RS P A 3 = 0  .O 

RP AP I =O .O 
R S P A l = O  .O 
RPRE=4O.O 

R S P A 2 = O  e 0  

RPAKI=O.O 
RHPPI=O.O 
SACSU=OoO 
GO T O  8 2 2  
RPRE=SSSZ*PRE S + S S S 3  
S V O L  SAC TQM*ACT I PieANUMB*RRR 1 
s VOL w = S V O L *  TO I LW 

ORVOL=SVOL+ ( O o 2 O + 1 . 6 6 7 E - 6  ) *  ( S V O L + F V O L + (  ANUMB*ACVOL 
l P W D s 1 + P  I D S l )  

+F I V O L + P A D S l +  

RVOLW=RVOL*TOILW 
R P A P ’ I  =O .O 

720 R P A P  I T  = (  2 * 5 4 6 4 * R V O L + R P A P  1’::. 32490 1 ** 333 
I F  ( A B S F ( R P A P I T - R P A P I ) - . O O O ~ O ~ * R P A ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ T ~ ~ ~  

GO T O  720 

R P A P W = . 0 0 9 3 * ( R p A p I ) ~ ~ 2 . + 6 . a O E - 6 ~ R P R E R P A P I ~ * 4 . + . 0 4 6  

72 1 R P A P  I = ( R P A P  I T+RPAP I 1 /2. 

722 RPAR I = .  1 3 6 5 * R P  AP I + ( 4 . 5 5 0 E - 4 3 R  PR E * R P A P  I * * 2  / ( K P A P  1-2 - 9 2  1 

R P A R W z 6  5 5 0 E  -5% ( RP AP I +7.) * (R P A P  I 1 ** 3.*RPRE/ ( R P A P  1-2 9 ) 
R H P P I = ( ( R P A P I * * 2 , - . 3 2 4 9 ) ~ R P R E / P R E S + R P A R I * * 2 . ) * * . 5  

WE IGHT=O.OO 17+RINGWT~1.872+.0028+1.3750E-5*RPRE*RPAPI**2.  + e 0 0 0 4  
O R E L I A B = 7 . ~ 9 / ( ( R P R E ~ R P A P I ) ~ * 2 . ) + 1 . 0 7 0 E - 4 * R P R E *  

C A L L  OSWE(RPAP1,2 ,R INGWT)  

1 R P  AP I ** 2. 
C A L L  O S F R ( R P A P 1  T R P R E , 1 + 2 t R I N G F R  1 
R E L  I A B z R E L I  A B + R I  N G F R * l i 0 6 6 6  
C A L L  O S W E ( R H P P I p 2 , R I N G W T )  
WE I G H T = W E I G H T + R I K G W T  
C A L L  O S F R ( R H P P 1  , R P R E T ~ T ~ , R I N G F R )  
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R E L I A B = R E L I A B + R I N G F R  

R E L  I A B = R E L I  A B + R I N G F R  

RELIAB=RELIAB+RINGFR*l.5 
S P A P  I =O .O 

C A L L  O S F R (  ~ . ~ ~ T R P R E T ~ , ~ T R I N G F R )  

C A L L  O S F R ( O . ~ ~ T R P R E T ~ T  ~ T R I N G F R  1 

I F  ( S S S I  1 5357535,536 
SPAG I = R H P P  I +. 2 2 4  
S P AP I T =  (6  3 6 6 * S V O L + S P A P  I * S P A G I  **2. 0 f ** 333 

536  
72 3 

I F  

GO T O  7 2 3  

( A B S F  ( S P A P I  T - S P A P I  ) - . 0 0 0 0 0 1 * S P A P I  1 7 2 5  ,725 ,724 
7 2 4  S P A P I = ( S P A P I T + S P A P I  1/2. 

7 2 5 0 S P A P W = (  SO 1 2 1 8 4 e S P A P  1 * * 3 . 0 + . 0 4 3 8 3 * S P A G I * + 2  * O * S P A P  I + (  3 . 5 2 8 6 0 E - 7 *  
1 P RE S* ( S P AP I ** 2 0 - 5 P AG 1 * *: 2 0 1 4': 2 / 5 PA G 1 1 1 * 5 5 5 1 

S P A P R =  ( 7 * 0 9 9 0 E + 3 * S P A G I  / ( PRES*  ( S P A P  I * * Z . - S P A G I  " * 2  )'J*Z* 1 ) * S S S I  
SPAGW=O.l29*RPAPI*(RHPPI+.1121*SSSI 
SPAGR=2.5320E-4 :2  ( R H P P  I * R P A P I + S P A G I 2 k S P A P  I ) * S S S  I 
S PGNW=O . 0 9 3 * S P  AG I * S S S  I 
S P G N R = (  . 0 0 1 5 / S P A G I  ) 'XSSSI  
C A L L  
WEIGHT=WEIGHT+RINGWT*3*744 
C A L L  O S F R ( S P A P I ~ P R E S T ~ T ~ T R I N G F R )  
R E L  I A B = R E L I  A B + R I N G F R * 3 . 2 * S S S I  
C A L L  O S W E ( R P A R 1 , l p R I N G W T )  
WE I G H T = W E I G H T + R I N G W T * 1 . 6 8  
C A L L  O S F R ( R P A R 1  T P R E S T ~ T  1 , R I N G F R )  
R E L  I A B = R E L I A B + R I N G F R : *  1 . @ 5 * S S S I  
C A L L  
WE I G H T  =WE I G H  T +R I fdG bJ T*  3.7 78 
c A L  L 
R E L  I AB=RE L I  AB+R I N G F R * 2 . 2 * S S S I  
SCAC I=SPAPI+3,1020E-5*PRES*SPAPI 

OSW E ( SP AP I T 2 T R I N G  WT 1 

OSWE ( SPAG I T 1 T R I  NGWT 1 

0 SF R ( SP AG I 7 P R E S  T 3 T 1 T R I NGFR 

OSHPCW=0.44+(9.678E-6*SPAPI**2.+4.6624E-6*(SPAPI**2.-SPAGI**2.))* 
1 PRE s * S P  AP I 2% S S S I 

S H P C R z 3 . 4 6 5  2 E - 5 * S P A P  I*SSS I 
C A L L  O S W E ( S C A C I T Z T R I N G W T )  
WE I GHT =WE I G H  T +  ( R I NG W T* 1 0 54 1 + 0 106+. 000 3+ 003 7*0 64 9 
C A L L  
R E L I A B = R E L I A B + (  R I  N G F R * l .  333+.010 ) * S S S  I 
C A L L  O S F R ( O . ~ O T P R E S T ~ T  1 , R I N G F R )  

C A L L  O S F R ( ~ . ~ ~ T P R E S * ~ T ~ T R I N G F R )  

* S S S I 
O S F R  ( S C A C I  y P R E S  9 21 2 T R  I NGFR 1 

R E  L I A B-RE L I A 8+R I N G F  R * S S S I 

RELIAB=RELIAB+RINGFR*1.333*SSSI 
0 R H X X W =4 7 16 2 0 E  -6 * R P R E* R P A P I ** 3 * ( 1. + 0 0 7 6 6 2'; R P R E 1 + ( 2 1 8 6 0 E -6 * 
l P R E  Sa SP AP I * ( SP AP I **2. - S P A G I  *1=2 1 1 1= ( S S S  I ) + ( 2 5 970E-7* ( ( 1 * 2 5 6 a S P A P  I 
2 - 2 . 1 2 5 ) + * 2 . - 2 . 1 ~ * 2 . ) ~ P R E S / ~ l ~ 2 5 6 = S P A P I - 2 ~ 1 2 5 ~ ~ + ~ 0 8 4 8 + ~ 4 6 3 8 3 * S P A P I  

GO T O  537 

s PAPW=O.O 
SPAGW =O .O 

SHPCW=O.O 
s AC SU=O .O 

5 3 5  SPAGI=O.O 

S PGNW =O 00 

SPAGR=O -0 
S PGNR=O 00 
SHPCR=O .O 
S P APR=O -0 
RCASW=1.7220E-4*RP AP I **3.0*R PRE 53 7 
RC ASR = 2 -6 9 / ( R P  AJ? I *RPR E 1 
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C A L  L 0 SW E ( R P  AP I 2 9 K I l.IG!.l T 
N E  IGHT=WE I ( . ~ I i T + P . I l ~ l ~ ! . I T : ~ l .  7 4 5 + . 0 9 2 5 + .  0006 
C A L L  O S F R  ( R P  AP I R P R E  2 T 2 7 %  I idGFR 
R E L I A B= R E L I A B +R I FdG F R :: 1.3 3 3+. 0 0 0 1;:: R P R E  
C A L L  O S F R  ( - 6 4 4 9 R P R E  9 5T 1 , R I  NGFR 
R E L I A B = R E L I A U + R I N G F R  

R H X X R =  1 . 1 7 E - 2 + K P A P  I <:* 2. 
R H  X X it1 =4 - 7  16 2 E -6 ‘:’R P R E ‘t R P A P I ‘Z x: 3 0 ‘:: ( 1 0 + C 0 7 6 6 2 ‘::K P RE 1 

W E  I G HT =i.: E I G H  T+ 00 4 5 + 0 0 0 2+ 0 0 2 4* S S S I + 09 2 5:: SSS I + 0 5 e 7 + 14 3 2 
C A L L  
K E L  I AB=RE L I AB+R I NGF R * 3  +.O 10 

0 SF R ( 1.0 6 2 5 9 I1 P R E 5 1 9 R I l l  G F R 

O s  H KXI4 = ( 7 32 17 3:: ( SP AP I + 3 10 20 E -  5% P R E S::: S PA P I ) * ( 2 7 0 10 E -6 ‘k ( S P AP I 
1 ** 2. -s P AG 1 :::+ 2. ) ) + . 0 0  3 ) ::: S S S  I 

R E  L I A B= R E L I A 8 + . 00 71: S S S I + . 00 4::: S S S I 
C A L L  O S F R ( . ~ ~ , P R E S T ~ , ~ T R I N G F R )  
R E L I A B = R E L I  AB+R I iw=RZ:4 . *SSSI+ .@ 13+. 005 

O W E I G H T = W E I G H T + (  ~050+~0148+~026+~2213+~2744+~0015+.0025+~0025+~1~~6+~0142 
1 + - 4  73 7* ( 1. - ( 1. - 2.0 660 E-  5:: PR E S:: 2. ) *::: 2. ) ) X: S S S I + 2 5 2 SR s P A 3  + .3 1 38 * 
2 R P A P I + R S P A 3  

1 * S  S S  I +R S P A 3 *  ( 0968 +R SPA 1:: 2 50+R SPA 2* 150 1 +RS P A 3 * < (  R P A P  I / 2.) * ( 15 2+ 
O R E L I A B = R E L I A B + ~ . ~ ~ ~ + . O O ~ + . ~ ~ ~ + . ~ ~ ~ + . ~ ~ ~ + . ~ ~ ~ + ~ O O ~ + ~ O O ~ + . @ ~ ~ + . ~ ~ ~ ~  

2 RS P A 1:x. 2 4 2 + R  SPA2:::. 19 6 ) 
ON E I G HT =I*! E I G H T +R P AP i+ +R P AR I.!+ s P A  P w + s PA G \.I+ s PGPI I.I+ s H PC IS’ + RC AS w + R  H x x w + 
ISHRXW 

R E L  I A a = R E L I  AR+SP APR+SPAGR+SPGNR+SHPCR+RCASR+RHIXXR 

TUC S U = T U C S u + (  140.O+4.6*RAWGT*+O. 5 ) * (  1.0+ . 2 5 * S S S  I ) 
RANGT=WE IGHT 

R A F A L  =REL I A B  
OSAC s U =  ( 2 . 7 4 9  2* ( 7  1 . 8 2 * S P A G I  -9.77*SPAGI*+2.0+2.014*SPAGI**3 . + S P A P I * *  
13.0*( . 8 7 5 7 5 8 - 2 0 0 . 9 0 6 8 / P R E S - 7 9 7 l l . O 7 / P ~ E S : ~ : : ~ 2 . O ) + 6 6 6 2 ~ 2 3 2 . O / P R E S * ‘ ~  
2 2 0-1 174 3 4.8 9 / P  R E S + 10 5 e 5 5 80 1- 0 342 2 3 2 5 6* P P, E S+ 1 07 6 18 9 6 E -5 + PR E S +% 
32.0):::( 1.0+.0188<:( SPAGI/5. 1 ) + 5 0 . ) 1 : S S S I  

I F  ( S E N S E  S W I T C H  1 ) 8 2 1 ~ 8 2 2  
82  1 P R I PIT 8 30 , PRE s,  A140 ;J R A\.!GT, R A F  A L  

P U NC H 8 30 9 VH s FO 9 V F  LR C VP I\1U 8 7 V H YS B , V )IC. S T T VU E V L 9 V P E ND 
8 2  2 PlJNC H 8 30 9 RRR 1 t RRRR 3 9 RRRR 4 T B QQQ 1 9 QQQ’32 9 QQO(23 9 VNA F Q 

PUN.CH 8 3 0 , V R E P R 9 V L I F P 9 V L 1 F A ~ V C Y C A ~ V O P E R , V T E S T , V T C S T  
P U  r\IC H 8 30 9 P RE S 9 A I 4 0  Pi 9 ACT I M 
PUNCH 830 9 ACTH T 7 ACTR B, A!\ IAFn t A L I  F E  9 A C Y C L  ,ADCST 9 AUCST 
P IJNC H 8 30 9 ACVO L ADT I I.19 X!? IJLIT 9 XR UR !3 X R l l S  D AI\IIJF.48 V P ROPJ 
PUNC H 8 30 9 A L L  L X  9 XR UR 1 9 XRIJb! 1 7 V F A  C 3 
PUNCH ~ ~ ~ , F V O L ~ T \ . ! C ~ H T ~ T F A I L ~ T \ J C S U ~ T U C S D ~ T I ” I T ~ I  
PUNC H 
P U  r\IC ti 

XRU S U 7 ACT Oi’lT A C T  9l Y ACT Q L  

8 3 0 9 P Ubi T 1 9 P K E L 1 9 P A L F 7 P A O  P T PA D S 1 9 P F A  F D 
8 30 9 P F AF U 9 P UI!T 2 7 P R E L 2 

P F A  F T  
P bl L F , P !.10 P 9 P !.ID S 1 9 P I Id F D 

P I L F 7 P I  !.IF’, P I DS 1 9 P T  R F T  t P T  R F U  
PLJNC H 8 30  , P I b!F T , P I N F U  PP P P  8 T 57 9 S 8 , S 9 T PT R F D  

PUNCH 8 3 O r F W G H T ~ F F A I L ~ F I V O L t  F I I C S U T F U C S D ~ F F F F ~ , P P P P ~  
PUF!C H 0 30 P UI! T 3 P R E L  3 

PUNC H 
PUNCH ~ ~ O , R P A R I T R H P P I T S S S I T S A C S U  

, x=1.0 

8 30 R A!*f G T R AF A L R SPA 3 R S PA 2 9 RPA P I 9 R S PA 1 t K P  RE 

I F  ( 2 . 0 - X ) 7 4 5 , 7 3 0 , 7 3 0  
8 2 0  F O R ~ I A T  ( 7 E 1 0 c 0  1 
830  FORMAT ( 7 E 1 0 . 3 )  
7 4 5  S T O P  
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X=l.O 
5 5 4  READ 8 2 0 , R R R R l i R R R R 3 9 R R R R 4 , Q Q Q Q l 9 Q Q Q 9 2 , Q Q Q Q Q 3 , V N A F Q  

READ 820,VHSFD, VFLRC, VPNUB, VHYSB~VWCSTI VDEVL (VPEND 
READ 8 2 0 , V R E P R t V L I F P , V L I F A , V C Y C A 1 V O P E R 9 V T E S T , V T C S T  
RE AD 8 20 9 PRES A i40  !.1t ACT I 
RE AD 

7 XR US U 9 ACT QH, ACT O A  9 k CTQL 
8 20 7 ACTW T 7 ACTR R 9 ANA FO 7 AL I F E 9 ACYCL 9 A DCS T 7 AUCS T 

R E A[) 8 20, ACVf]  L , A DT I id, X R (1 !il T , XX (JR 5 ,  X RUS D t A NUMB T V P ROK 
RE AD 8 2 0  
R E AD 
RE AD 
RE AD 

ALL LX 9 X RUR 1 7 X R  11!4 1 9 V FAC 3 
8 2 0 9 F V 0 L 9 TN G H T 
8 20 9 P Ub! T 1 9 P R E L 1 t P A L F 9 PA [I P 9 PADS 1 t P FA FD 9 P FA F T 
8 2 0  9 P F AF U 9 P UW T2  9 P R EL 2 9 PNL F 9 PbIOP 7 PL4DS 1 9 P I N  FD 

T F A I L 9 T UC S U , T U C S 0 9 T til T 1 I 

READ 8 2 0  P I idFT 9 P I NF U 9 PPP PO 9 S71S8 t S9 , PTRFD 
RE AD 
READ 
READ 
READ 8 2 0  ,KPARI (RIiPP I , SSSI  SACSU 
V L I F A = . l + V L I F A  
VCYCL=. l+VCYCL 
VL IFP=. 1+VL I F P 
I F  ( R P A R I )  1 8 l i l 8 1 , 1 8 2  

8 2 0  9 P Uh T3  , PR EL3 9 P I L F 9 P I kIP 9 P I DS 1 7 PT RFT 9 PT RFU 
820,Fb!GHT,FFAI L, F IVDL ,  FUCSU, FUCSDVFFFFL yPPPP8 
820 ,RA!;'GT9 RAFAL (RSPA3, RSPA2, RPkP I 9 CiSPAl9 RPKE 

1 8 1  RSPAU=O.O 
REC SU=O .O 
GO TO 1 8 3  

1 82 O R S  P AU =il S P A 3* ( 2 8 1.30 + 3 2 30 +R S PA 2+40  1 0:: R PA P I + 1 5 60 * R P AP I ::: ( R SP A 1 + 
1RSPA2 
OREC SU=2 7492': ( 2 2  3786+RPAP 1':*3.0:: ( 8 7 5 7 5 8 - 2 0 0  9 0 6 8  / ( RPKE + 5 0 0  
17?711.07/ (RPRE+500.  ) '~+2.01+66628232.0/(RPRE+500.0)3*2.0-117434.89/ 
2 ( R P RE +5 00 

- 
+ 10 5 5 5 8 0 1- 0 3 4 2  2 3 2  5 6'3 ( R P R E + 5 00 1 + 1 0 7  6 16 9 6 E -5 3 ( R P RE + 

3500 .  )+::2.0)3( 1.0+.0188:~:(RPAPI /2. 1 )  
OREC SU =RE C S U+ 2.7 49 2;;: ( 7 1.8 2::R PAR I -9.779 RPA R I** 2.0 +2 . 0 14:::RP AR I 3:: 3.0 + 
1 R H PP I *;' 3 0 :;: ( 8 7 57 58- 2 0 0  9 0 6 8 /  PR E S- 7 9 7  1 1 0 7/  P RE S * 3 2 0 
2 P RE S ?:';2 0 - 1 17 4 3 4 E 9 / P Ti E S + 10 5 5 5 8 0  1- r) 3 42  2 3 2 5 6:r P RE S + 1 0 7 6 1 G 96 E -5 't 

+6 66 28 2 3 2  0 / 

3 PRE S::S2.0 ;: ( 1.0 +. 0 19 8:: ( P, PAP I / 2. 1 ) + 520. 
1 8 3  RAPCU=RECSU+SACSU+RSPAU 

OR APC 0 = ( 74 000 + 20000 :t S S  S I +R A PC U* 10 0 R R R R 3+ ( 6 900 0 + 5 7 00 * S S S I * 
1 R R R R 4  

1 1 10. + 1.15 ::FN GH T>:ri:O. 5 ) * F F F F 1 + ( 140. +4.6:: RAW GT::::::O, 5 3 ( 1 . O+ .25 :: S S  S I 
OT UC SU = TU C S U + ( 140 0 + 4 6* P U !.I T 1 * 2: 0.5 1 :: S 7 + ( 1 4 0 + 4 6 3 P U W T 2 x'*O 5 3 SB + ( 

Q I.1 G HT = 1.8 4E -6::P R E S+Q 2 0": T MT 1 I $* 3 03 ( A NU $1 6+QQ QQ 3 / 2 0 ** 1 5 
QPO R f  = TFi T 1 I * ( AN U 1.1 8:::QQQO 3 / 2.0 ) ::'-::O . 5  
CALL O S F R ( Q P O R T , P R E S , 3 , 1 9 R I N G F R )  
QFAIL=R INGFR+O 2 0  
C ALL 0 SF R ( 1 li'QPOR T 9 PRES 5 9 1 R I NGF R 
QF A I L = QF A I L + R I N G F R 

QF A I L =YF A I L +R I NGF I? 

QF A I L =QF AI L+RINGFR 
c A L L  0 SF R ( 1.3 53OPOR T ,40.0,5,1, K I NGF R ) 
QFAIL=QF A I  L+RINGFR 

CALL OSFR( 1.1*QPORT,40.0,7, 1,RII'JGFR) 

C ALL OSFK ( 1 35::QPORT, 40.0 9 3 , 1 9 R I NGFR) 

Q D C SU =6 8.5 5 :: ( T r.1 T 1 1 :% ( Q Q 4 f? 3+A NU 1.1 a / 2. O ) 3 3. 5 ) 3% 2 2 6 2 8 6 + 5 3 2 5 3 + 3 0 0 
QDC SD= ( 2 0 0 0 0  + 10 *Q DCS U 1 *QQ(? Q I.+ 4 2  000 * OQQQ2 
Y T PRW = .0431 
YT PRR= .06 28 
YTPRF=YTPRR 
YTPRUz25 0 0 

0 V H Y S W = ( A C T I.1 T + x R Ubi T :' A NU M B + T N G H T * A NUMB / 2 0 + P U W T 1 * S 7 + P U W T 2 * 58 + R A W G T 

TABLE XVIII 
DECK NUMBER 12 - OVIiXLALL VLHICLE 

COMPUTER P R O W L  LISTING 
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1 + F W G HT 2: F F F F 1 +Y TP R W * O  IdG H T 
0 V H Y SK = ( A C T K B +X R UP. B 1 'i A b!lJ / '  0 + T FA I L* A 14 U 1.1 S / 2 O+ P R E L 1 * S 7 + P RE L 2'; S8 +R AF A L 
l + F F A I L * F F F F  l+YTPRF+OFAI L 

V H S RC = .9 9 * V HY SK z: VHY S B?; V c( S F 09; V F L R C ;: 1.0 E - 6 
V H S IdC =V HY SkJ *V HY S B * V P I 4  U B't V W C S T 
I F  (PPPPB-1.0) 301,302,303 

3 0 1 V PI4 L C = 1 . OE 6 
VPUC =o .o 
s 10=0.0 
GO TO 3 0 4  

3 02 V PI4 L C = P A L F 
VPUC=PF AFu 
S l O = S 7  
GO TO 3 0 4  

303 VPMLC=PWLF 
VPUC=P I N F U  
S l O = S 8  

3 04 I F  ( AL I FE /VL I F A-ACYCL/VCY CA) 306,30  6,305 
3 0 5  VOUAM=ACYCL/VCYCA 

3 0 6  VOUAbi=AL I F E / V L I F A  

309 VOUAM=1.0 
3 1 0 0 v H S LC = ANu 191 B:Xv HY S B:* V P N U B* A {JC S T ::: VR E P Rkk ( V QU A M- 1 0 

GO TI) 3 0 8  

3 08 I F ( V QU AM - 1 0 1 3 10 3 10 T 309  

+ V HY S B *V P NU B *V P U c 3 
1 ( V L I F P / V P I ~ l L C - l . O ) + V R E P R * S 1 0  
O v  P HDIJ =AGC S T+pF AF G+p I id FD+ FlJC S D+ TlJCS D+ODC S D+XRUSD+RA PC D+ ( ( AUC S T+ 
1XRU SU ) * ( Ai\l(JM B ) +PF AF U*S 7+PI  NFU* S 8+ FUCSU+TUCSU+QDCSU+R APCU+Y TPRU 
2*VHY SB*VPNUB 

I F  ( P F A F T - P I N F T ) 4 0 0 , 4 0 0  ,401 
400 VHCGT=PINFT 

401 VHCDT=PFAFT 

404 VHCDT=ADTIM 

406 VHCDT=VDEVL 

GO TO 4 0 3  

4 0 3  I F ( V H C D T - A D T I M ~ ~ ~ ~ T ~ ~ ~ T ~ ~ ~  

4 0 5  I F ( VHC 07-VDEV L 40 6 9 40 6 T 40 7 

407 VHDTC= (VHCOT-VDEVL )*VPEND 
P ADP= 1.35 E-3* ACTO L*ANUMB:k PR ES/ VHY S W 
P W 0 P = 1 - 2  6 E - 3* A C TQ L * A NU 14 B* PR E S / V HY S W 
P 1 L-1 P = 1 0 0 E - 31; A C TQ L:: A NU M H* PR E S / VHY S I4 
Pi40 P =P 114 P +PW 0 P 
I F  (PWOP-PAOP)313,314~314 

3 1 3  PI.lOP=PAOP 
GO TO 3 1 5  

314 PMOP=PWOP 

3 16 VHOTC=O. 0 
GO TO 3 1 8  

3 18 V PC ST =VHSR C+VH Ski C+VH S LC+V PH DU+ VHDTC+VHOTC 

f F ( PMuP 316 T 316 T 3 1 5  

3 15 VHOTC=VTEST*VHY SB*VPNUB* ( VOPER/ ( PMOP-1 0 )*VTCST J 

PRINT 900qVPRON 
PRINT 901 9 PRES, AMOM 
PRINT ~ ~ ~ T V P C S T  
PRINT 902,VHYSW 
PRINT 903pVHYSR 
PRINT 904 
PRINT 912 
PRINT 905 
PRINT 906 9 ACTW T, ACTRB? A L I  F E *  ACYCL 

TABU NIII CONTINUED 
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P R I N T  9 0 7 ~ P U W T l ~ P R E L l  T P A L F  
P R I N T  908 T P UW T 2 T P R E L  2 T p LI L F 
P R I N T  913  
P R I N T  X R UW T T X R UR B 
P R I N T  910,,BAvQT T R A F A L  

9 O 9 

P R I N T  912  
P R I N T  912  

900 FORMAT ( 1 3 X ~ 2 4 H  CObIPUTER PROGRAN N U M P E R T F 1 0 . 0 )  
9 0 1  FORi4AT ( 1 5 X ~ F 1 0 . 0 ~ 4 H  P S I  ~ 9 X , F 1 0 . 0 , 1 6 H  I N C H  I4OIIEIIIT ARiVi) 
911 FORMAT ( 2 1 H  T O T A L  SYSTEI; COST 1 S ~ F 1 1 . 0 ~ 8 H  D O L L A R S )  
9 0 2  FORPIAT ( 2 3 H  T O T A L  SYSTEFi  WEIGHT I S T F 1 0 . 1 ~ 7 H  P U U I J D S )  
903 FORHAT ( 3 7 H  T O T A L  SYSTE'4 G E Y E R I C  F A I L U R E  R A T E  I S T F l O . 2 )  
904 FORMAT ( 1 0 X ~ 2 7 H  F A I L l J R E S  PER F I I L L I O N  H O U R S )  
9 0 5  FORMAT ( 2 0 X ~ 5 0 H  W E I G H T  F A I L U R E  R A T E  L I F E - H O U R S  L I F E - C Y C L E S )  
906 FORClAT ( 1 8 H  ACTUATOR ,F9.0,F14.2~F13.2,F15.0) 
907 FORMAT ( 1 8 H  F I X E D  ANGLE PIJMP ~ F 9 e O ~ F 1 4 . 2 ~ F 1 3 . 2 )  
908 FORMAT ( 1 8 H  WOBBLE P L A T E  PlJ i , IP,F9.O~F14.21F13.2) 
913 FORMAT ( 3 X y 1 5 H  OR I N T E N S I F I E R )  
909 FORMAT (181-1 T R U S S  ~ F 9 . o ~ F 1 4 . 2 )  
910 FORMAT ( 1 8 H  R E S E R V O I R  T F 9 .  O T  F I G .  2 )  
912 FORMAT ( 2 0 X  1 
820 FORMAT ( 7 E 1 0 . 0 )  
8 3 0  FORMAT ( 7 E  10.3) 
840 FORMAT ( 1 0 X q 6 E 1 0 . 3 )  

END 

TABLE XVIII CONTINUED 


